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Headed for a sight-seeing tour on the moon or a 
mining claim on Mars?...whatever the purpose... 
when John Q. Public commutes by space-liner, the 
comfort and speed of this futuristic vehicle will 
have been made possible by today’s achievements in 
rocket research at RMI. 


Problems new to man and unique with this new 
concept of power are constantly being solved by 
RMI’s scientists, engineers, and skilled production 
craftsmen...opening new horizons in physics, 
chemistry, aerodynamics, and related fields. Today, 
with recently expanded research and production 
facilities at Denville, N. J., RMI is bringing 

super transportation years closer. j 


RMI’s continual design progress is reflected in 
the ever-advancing performance of the Viking 
missile (shown left). Powered by a 20,000-pound- 
thrust RMI rocket engine, Viking 11 has broken 
the world’s record for single stage missiles _; 
by climbing 158 miles into space and reaching 
a speed of over 4,300 miles per hour. 


Career opportunities available for experienced mechanical 


aeronautical, electrical and chemical engineers, physicists 
da REACTION MOTORS, INC. 


chemists. Send complete resume to employment managé". 
Denville, New Jersey 


Affiliated with OLIN MATHIESON CHEMICAL CORP 
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HE command to hold the presses for a late news break has 

never before been issued by the editors of this JOURNAL. 
The reason isa simple one: this JouRNAL is not a news magazine 
and we make no effort to record events as they happen. If it is 
inconvenient to interrupt publication to get a late report into the 
news section of a particular issue, we calmly postpone the item 
until the next one. But something big has just shaken us off 
course, and we felt compelled to remove the standard first page 
of this issue to report the event. 


An announcement of far-reaching significance was made at the 
White House at 1:30 p.m., July 29, 1955: Within three and one 
half years the United States will launch an earth satellite. This 
shot to be seen by all mankind will herald not a bloody conflict 
but peaceful and constructive collaboration on an international 
scale in the exploration of extraterrestrial space. 


Although many aspects of the project remain to be settled, the 
principal facts as revealed to the press are these. There is to be 
aseries of launchings in the earth satellite vehicle (ESV) program, 
the first to occur in the period from July 1957 to December 1958, 
in order to fit into the research effort of the International Geo- 
physical Year (IGY). The so-called bird will weigh about 100 
pounds and will be of the order of one to two feet in diameter; 
but it is obvious that the size and shape might vary considerably, 
depending on the objective of the particular shot. The first bird 
might be merely an empty sphere designed only to reveal the 
atmospheric density at the outer edge of the atmosphere; later 
shots will probably contain electronic tracking and telemetering 
equipment along with scientific instrumentation. 


The orbits will lie about 200 to 300 miles above the earth’s 
surface, but the particular firing directions are not revealed. 
Since observations are to be made from stations along the way, 
the first launchings may very well take place from an established 
long-range proving ground, such as that off the Florida coast. 
Once the bird is in free flight, its orientation and flight path will 
no longer be controllable from the ground. Launching will be 
accomplished by multistage rocket, the precise number of stages 
not revealed (perhaps not yet settled). The orbital period will 
be about 90 minutes, and the bird may remain aloft for a period 
of days or possibly months, depending on the particular orbit and 
the still unmeasured atmospheric density at these altitudes. As 
the orbit decays, the bird will gradually penetrate the atmosphere 
where it is expected to destroy itself by heat. 


The National Research Council, as the research agency of the 
National Academy of Sciences, will cooperate with the National 
Science Foundation in sponsoring the scientific researches that 
will be made with the ESV. The Department of Defense will 
provide the launching rockets, the firing and observation sites, 
and will handle all aspects of the launchings. The scientific 
experiments are expected to deal with the structure of the outer 
‘mosphere, characteristics of the magnetic field of the earth, 
lar radiation, and cosmic rays. The NRC-NSF researches 
vill be unclassified from the security standpoint, and this in- 
‘ludes the design of the bird, its instrumentation, and the time 
ind location of launching. Cooperation in these researches has 
jeen invited of all countries participating in the IGY. The 
phase handled by the Defense Department will be classified, at 
cast for the present, presumably because of its close connection 
vith techniques involved in the intercontinental ballistic missile 
program. The cost of the NRC-NSF research in the first group 
vl birds will be about $10,000,000; the cost of the Defense De- 
jartment’s rocket launchings has not been revealed. 


According to the President’s statement, none of the birds will 
ve designed to perform any military functions. No earth-scan- 
lng equipment or bomb-dropping mechanisms are contemplated 
“reven considered feasible. Finally, it was clearly stated that 
vily a rash optimist would conclude that manned space flight is 
on to take place. Nothing could be further from the facts. 


The proposal to develop an ESV has been gathering momentum 
‘ver since the conclusion of World War II, when it was realized 
that the basic techniques were at hand, or nearly so. That 
“rious study of the ESV was under way was first revealed by 
‘ecretary of Defense James V. Forrestal on December 29, 1948. 
arth satellites for scientific research were urged by the Special 
‘ommittee for the International Geophysical Year at its meeting 
1 Rome, September 30 to October 4, 1954, as an outgrowth of 
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geophysical research planning that began about 1950. Before 
this meeting, similar resolutions had been adopted by the Inter- 
national Scientific Radio Union and the International Union of 
Geodesy and Geophysics. An extensive technical report on 
“The Utility of an Artificial Unmanned Earth Satellite’ was 
prepared by the ARS Space Flight Committee and submitted on 
November 24, 1954, to the ARS Membership (see Jer Proput- 
ston, February 1955, p. 71). This report, with affirmative re- 
commendations of the ARS Board of Directors, was subse- 
quently submitted to the National Science Foundation. 


The United States’ decision to undertake the ESV scientific 
research program was a direct response to the resolution of the 
Special Committee for the IGY, and the United States national 
committee was authorized to inform the participating groups of 
other countries of this decision. Although the ARS report and 
recommendations undoubtedly helped to influence the NSF in its 
thinking, as did the resolutions of other societies, the strongest 
factor was probably the favorable position of the Department of 
Defense. As an intermediate objective in the longer range Atlas 
program, an earth satellite vehicle project may have seemed 
quite attractive: it avoids completely the difficult hypersonic re- 
entry problem; the smaller payload means smaller rockets, 
although some of the same hardware might be used later for the 
ICBM; the required guidance accuracy is less severe; and the 
necessary extra speed is really not much, perhaps only 2000 to 
5000 ft/see more. Finally, it is not necessary to provide a safe 
target area at a remote location to dispose of the missile—it will 
literally be thrown away. 


According to the press, disagreement has arisen between 
several prominent Congressional leaders and the Administration 
on the issue of security. The White House announcement stated 
that steps would be taken to acquaint all forty nations (including 
the USSR) participating in the IGY with the details of the 
scientific investigations and that their cooperation would be 
invited. The Congressional leaders who have questioned this 
open policy argue that, since we are doing the job alone with our 
own funds, we ought to keep the results classified. 


On this issue it appears to us that the Administration’s position 
is justified, since the most important piece of information from 
the military standpoint cannot be concealed anyhow; namely, 
the density of the atmosphere as revealed by the deceleration of 
the bird. Anyone can follow its trajectory with a transit and 
figure out the drag. Moreover, there is a long series of prece- 
dents for such security treatment. The pattern is similar to that 
of the upper atmosphere research programs conducted up to 
now with V-2 rockets, Vikings, and Aerobees, in which some or all 
of the rocket apparatus and launching techniques have remained 
classified, while the scientific results, for the most part, have been 
openly published. 


Back of the decision not to classify the bird may be a question 
of international diplomacy on which we can only speculate. To 
send such a vehicle hurtling over the “air spaces” of the various 
countries of the world without disclosing its contents in detail 
may very well arouse objections that cannot be readily dismissed. 
At the present moment, news reports from the USSR indicate 
that the open approach of the President has won the Russians 
over to a position of acceptance of the project and a tentative 
willingness to cooperate. If the USSR adopts this favorable 
attitude, it is likely that others will follow suit. 


Whether the Russians’ own satellite project is planned to 
achieve its objective at a similar early date has not been re- 
vealed. The only definite information available is that a 
scientific committee under Prof. P. Kapitza has been set up to 
devise a satellite similar to that described at the White House. 
This appeared as a news announcement in Evening Moscow on 
April 15, 1955. 


We cannot imagine anything more exciting than to look up and 
see through our binoculars, just before sunrise or just after sun- 
set on some not too distant day, the brilliant point of light in the 
sky that will represent a new astronomical body created by man. 
We expect to be deeply moved. 


Martin Summerfield 


Editor-in-Chief 
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ITS NEW MODEL 


GYROSCOPES 


ace To Leading Aircraft Companies For Use in Production of Guided Missiles, 7 


Rata Autopilots, Antenna Stabilization, Fire Control, and Target Drones. 


THE WORLD'S SMALLEST—LIGHTEST—MOST RUGGED 


Developed by 
SANDERS ASSOCIATES 


Long Life 
e Hermetically Sealed 


e High Natural Frequency 
Available in Rate Ranges From 40°/Sec. Up. 


Motor excitation...........26 or 6.3V, 400 Cps. 
Damping required 
Starting time. 
below earth's rate 
Dynamic 
Linearity. 0.1% to half scale 
Nominal Full Scale Output...........+.++5.6 Volts 
: Oper. Temperature Range........—55° to +85°C 


Rugged construction enables this gyro to withstand 
a wide range of environmental conditions in accord- 
ance with military specifications. 


Performance characteristics of the Gyro can be 
modified in event one of our standard models does 
not fulfill your specific requirements. 


STANDARD MODELS NOW AVAILABLE 
IN PRODUCTION QUANTITIES 


Direct inquiries to 
U. S. Time, 500 Fifth Ave., New York, N. Y 


During the past 14 years U. S. Time 
has produced more than 327,000 
gyroscopes of various types at 
peak rates of 17,000 per month. 


THE 
The United States Time Corporation __ 
7, Main Plant—Waterbury, Conn. Branches—Little Rock, Ark.; Abilene, Texas; Toronto, Canada; Dundee, Scotland f'""#®§ 


370 Jet 


U 
‘ 
1/2 
ounces : 
: 
W 
3 
: 


HIGHER 


A New Series of Fixed Displacement Pumps 
That Check Out on the Points You Want Most! 


MODELS 65F005 
PAD PER AND 10260* 


Max. Continuous Speed: 10,000 rpm. 
Continuous Pressures: 1500 psi and 3000 psi. 


= Capacity: 0.5 gpm @ 1500 rpm. 
Weight: 31 oz. sia 


MODELS 65F010 


_ Max. Continuous Speed: 10,000 rpm. 
Continuous Pressures: 1500 psi and 3000 psi. 
Weight: 3.2 tb. 
MODELS 65F015 
PAD PER 


= Capacity: 1.0 gpm @ 1500 rpm. 


(©) 


Rated Capacity: 1.5 gpm @ 1500 rpm. 

Max. Continuous Speed: 10,000 rpm. 
Continuous Pressures: 1500 psi and 3000 psi. 
Weight: 4.0 Ib. 


MODELS 65F020 


PA 
S D PE D 1026 


Rated Capacity: y F 0 gpm @ 1500 rpm. 

Max. 7500 rpm. 
anes Pressures: 1500 psi and 3000 in 
Weight: 5.5 Ib. 


MODELS 65F030 


fom 


52% —4 


Rated Capacity: 3.0 gpm @ 1500 rpm. 

Max. Continuous Speed: 7500 rpm. 
Continuous Pressures: 1500 psi and 3000 psi. 
Weight: 6.0 Ib. 


‘Other mounting flanges and port arrangements available. 


WATERTOWN 


HIGHER 
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LIGHTER 


\STRATOPOWER 


\ HYDRAULIC PUMPS 
al The 65F Series STRATOPOWER Hydraulic 
- Pumps pack more power than ever into ex- 
i tremely small envelopes . . . check the draw- 
: 4 ings! These Fixed Displacement Pumps operate 
at higher speeds... check the figures! 


_ The 65F Series Pumps feature a piston actua- 
_ tion mechanism which is unaffected by fluid tem- 
_ peratures or inlet pressures. They will operate 
with reservoirs pressurized to over 80 psi abso- 
lute, yet do not require pressurization for altitude 
operation. 


WATERTOWN DIVISION 
The New York Air Brake Company 
730 Starbuck Ave., Watertown, N. Y. 7 


I would like more information about the new 
STRATOPOWER Series 65F Hydraulic Pumps. 


Name Title 
THE NEW YORK AIR BRAKE COMPANY Conpeny. 
STARBUCK AVENUE WATERTOWN Y. 


ind PNTERNATIONAL SALES OFFICE, 90 WEST ST , NEW 
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i THIS “high temperature age,” 
when industry is me Phe for mate- 
rials with ever higher melting points, 
the requirements of reaction motors 
are extremely demanding. 
Depending upon extreme tempera- 
ture iiMoreatials in converting heat 
into useful work, the power plants for 
jet propulsion present unique time- 
vs.-temperature problems. To meet 
these problems, component materials 
must be able to withstand not only 
very high temperatures but also other 
factors such as thermal shock, ero- 
sion, corrosion and oxidation. 
Aware of these requirements, 
Norton Company has for years been 
engaged in a program of experimen- 
tation, development and testing of 
various materials. A number of these 
have proved highly satisfactory for re- 
action motor and similar applica- 
tions; in particular, the three de- 


scribed below. 


ROKIDE* “A” 

Aluminum Oxide Coating 
A hard, adherent, refractory oxide 
coating, pure white in color and con- 
taining about 98.6% AlgOs. It has 
been successfully applied on ceram- 
ics, glass, and certain plastics but par- 
ticularly on metals in thicknesses of 
.005"’ to .050’’, and greater in special 
cases. This crystalline oxide coating 
protects the base material under high 
temperatures and erosion conditions, 
and its alumina, being harder than 
the hardest steel, provides strong re- 
sistance to abrasion. ROKIDE “‘A” coat- 
ing is thermally and electrically in- 
sulating and is slightly permeable. 
This coating and coating process are 

covered by U. S. Pat. #2,707,691. 


ROKIDE “C” 
Silicon Carbide Coating 

This coating was developed to im- 
prove graphite components for high 
temperature use. It consists of a pro- 
tective layer of pure crysTOLON® sili- 
con carbide, of dark gray or gray- 
green color, formed at high tempera- 
ture on the graphite, to protect it and 
increase its resistance to erosion and 
oxidation. The coating varies be- 
tween .002’’ and .030’’ * is usually 
around .010’’. Itreacts integrally with, 


and becomes a part of, the graphite 
surface. A considerable part of the 
coating, therefore, is chemically de- 
rived from the graphite itself. ROKIDE 
*C” coating has excellent thermal 
shock resistance and extreme resis- 
tance to abrasion. It is slightly per- 
meable. This coating process is cov- 


ered by U. S. Pat. $2,667,627. 


CRYSTOLON® “N” 
Silicon Carbide Products 

These are monolithic bodies, kiln- 
fired at high temperature and molded 
to close dimensions in a wide variety 
of shapes and sizes. They have greater 
resistance to mechanical and thermal 
shock than most ceramics and, com- 
pared to other commercial refractory 
products, are very strong. CRYSTOLON 
material is and extremely 
refractory. Products made of it have 
been used successfully at estimated 
temperatures as high as 5000°F for 
varying periods of time. 


Applications 

Typical applications for which 
these products have shown excep- 
tional promise: 

Rockets: nozzles, motor tube linings, 
thermal barriers. 

Guided Missiles: vanes, skin protec- 
tion, motor components. 

Ram Jets: tail pipe lining. 

Gas Turbines: inner combustion 
chamber lining, cross fire tube lining, 
flap nozzle coating, housing and 
shroud ring insulation. 

Miscellaneous: burner parts protec- 
tion, electrical insulation, ee. 
couple tube protection. 


Licensing Policy 
A license for the use of the ROKIDE 
**A” aluminum oxide coating process 
can be obtained from Norton Com- 
pany. 


Other Norton Products 

of interest to designers and builders 
of reaction motors include refractory 
ceramic materials of commercial type, 
including fused stabilized zirconia, 
various CRYSTOLON products, MAGNOR- 
1TE® fused magnesium oxide products 
and ALUNDUM® fused aluminum oxide 

roducts. Norton also makes a num- 
ies of refractory carbides, borides and 


| 
NEW Refra 


For Reaction Motors 


ctory Products 


nitrides. These high-melting mate- 
rials, which have varied applications 
in many fields, are also the basic in- 
gredients of the famous Norton Re- 
fractory R’s — refractories engineered 
and prescribed for the widest range of 
uses. 

For further information on Norton 
products for reaction motors —- or for 
other applications — write, mention- 
ing your requirements, to Norton 
Company, 639 New Bond Street, 


Worcester 6, Mass. 


In Rockets, Jet Planes and Guided Mi 
siles, Norton products for reaction motor 
— ROKIDE “A” Aluminum Oxide Coating 
ROKIDE “‘C” Silicon Carbide Coating am 
cRYSTOLON “‘N” Silicon Carbide Monolithic 
Bodies — are used for many applications. 
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@beking better products... 
to make your products better 
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SOLID PROPELLANT POWER PLANTS _ 
THIN OR HEAVY WALLED 
PRECISION MACHINED NOZZLES 
& MOTOR CASES ALSO 
LIQUID PROPELLANT MOTOR COMPONENTS 


MOCK UP OR COMPLETE 
MODELS 


A DIVERSIFIED, EXPERIENCED 
ORGANIZATION GEARED TO MOVE QUICKLY 
ON YOUR PRELIMINARY PRODUCTION 


PROBLEMS; ONE ABLE TO ABSORB YOUR 
HIGH — JNITIAL ENGINEERING CHANGES AND PUT 
THEM INTO EFFECT WITHOUT DELAY. 
Ss ALUMINUM ALLOY, INCONEL X ETC. A LETTER OR PHONE CALL WILL BRING 
OUR REPRESENTATIVE 
EXCELCO DEVELOPMENTS INC. 
SILVER CREEK, NEW YORK 
PHONE 108 
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This G-E rocket team is 
developing a wide range of reliable, 


On the right, lined up on a rocket test stand, are 
34 members of General Electric’s rocket develop- 
ment team. As representatives of the Company’s 
Aircraft Gas Turbine Development Department, 
they offer four reasons why G.E. has the capa- 
bility to develop reliable, high performance 
rocket engine systems, sub-assemblies, and 
components of all types. 

REASON NO. 1—AVERAGE OF EIGHT YEARS 
EXPERIENCE PER MAN. All told, this group has 
over 250 years of experience in high Mach 
powerplants. This cumulative know-how, so 
vital in aircraft powerplant work, is assuring 
faster, more efficient rocket development ac- 
tivity at General Electric. 

REASON NO. 2—PROVED ABILITY. These same 
men actually helped to pioneer modern U:S. 
rocket engine activity, took part in over 67 
German V-2 test flights after WW II. They 


have designed bi-liquid, liquid-solid, solid and 
ramjet — systems. They provided the 


Progress /s Our Most Important Product 


Advanced rocket engine undergoes trial at U.S. Army’s 
Malta Test Station. The first large rocket static test 
station in the U.S., Malta has highly versatile facilities. 
Complete instrumentation gives G-E engineers exten- 
sive information on engine performance in static tests. 


high performance engines 


engine for the first large rocket in the Western 
Hemisphere, developed another with one of the 
highest specific impulses ever achieved. 
REASON NO. 3—ADVANCED NEW FACILITIES 
ARE NOW AT THEIR DISPOSAL. General Electric 
is carrying on a $100 million research and 
development program on combustion, materials, 
and components of powerplants for aircraft and 
missiles. And the rocket engine staff now has 
access to development facilities such as the AGT 
Materials Laboratory and the AGT Component 
Development Laboratory at Cincinnati. 
REASON NO. 4—FIRM SUPPORT OF GENERAL 
ELECTRIC ORGANIZATION. The entire G-E 
Aircraft Gas Turbine Division with its pro- 
duction capability and G.E.’s nationwide de- 
fense sales and service chain now support the 
design and development of G-E rocket engines. 
Add up the total. If you would like further in- 
formation, contact a G-E Aircraft Specialist 


via your nearest G-E Apparatus Sales Office. 
na 234-1 


ELECTRIC 


**Consolidating our jet and rocket engine design, devel- 
opment, and production capabilities within AGT is | 


allowing us to make rapid strides in the rocket field,” 


according to Vice President C. W. La Pierre, shown 
here (left) with G-E President R. J. Cordiner, 
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Over eight years average experience is the record of these G-E propulsion engineers, shown above at the Malta, N. Y., Rocket Test 
Station. 1. T. C. Jenkins. 2, H. M. Weber. 3. R. Davidson, 4. F. E. Schultz. 5. E. H. Hull. 6. D. Cochran, Manager, Aircraft Gas 
Turbine Development Department. 7. T. S. Teague. 8. H. C. Aikens. 9. P. L. Duncan. 10. J. H. Burnham. 11. J. F. Whitbeck. 
12. W. S. Kleczek. 13. F. J. Walker. 14. J. Annable. 15. G.S. Emmons. 16. P. Gray. 17. F. W. Crimp. 18. J. A. Cote. 19. A. J. Orsino. 
20. R. J. Kazyaka. 21. G. L. McPherson. 22. R. J. Bernadine. 23. C. E. Rugh. 24. L. Cherry. 25. C. P. Beauchamp. 26. R. B. Johnson. 
27.B. E. Sells. 28. C. G. Dibble. 29. B. W. Bruckman. 30. J. N. Krebs. 31. E. E. Paulson. 32. Z. O. Sheldon. 33. D. R. Messina. 34. E. I. Finger. 
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This chemical processing tower is more like a military rocket than its 
picture reveals. The similarity explains why M. W. Kellogg is in the 
development forefront of both. Each must function unfailingly under 
terrific temperatures and pressures. Each needs the experience of 
designers and artisans who can solve the many problems encountered 
under such critical operating conditions. 

The M. W. Kellogg Company has been engineering and fabricating 
industrial high temperature, high pressure vessels and power piping 
since their inception. Its long experience in this highly specialized 
field has resulted in an unequalled knowledge of metallurgy, metal 
fatigue, corrosion control, weight-strength relationships,. welding 
techniques and other related background in the utilization and control 
of high temperatures and high pressures. 

This explains why The M. W. Kellogg Company is so closely 
associated with the rocket engine development programs of all the 
Armed Forces, and why Kellogg is manufacturing rocket engines 
for the new Navy ship-to-air guided missile, The Terrier. We welcome 
the opportunity to put our engineering experience in rockets and 
other heat-pressure products to work for you. 
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Rational design of ramjet-type combustors requires 
knowledge of the mechanism of propagation of turbulent 
flames in high speed flow, and this in turn must rest on 
information concerning the internal physical structure 
of such flames. Recent theories of the propagation of 
turbulent flames are all based on the hypothesis that a tur- 
balent flame is internally a highly wrinkled, perhaps dis- 
connected, laminar flame, fluctuating rapidly at random 
within the visible contour of the turbulent flame brush. 


The experimental evidence for such a model has been 
gant and inconclusive. Experiments reported in this 
paper, which were designed to test the validity of the 
“fluctuating laminar flame’’ model, led to results that 
cannot be reconciled with it. Instead, the results indicate 
that the turbulent flame is really a zone of reaction dis- 
tributed in depth, and that laminar flame sheets do not 
eist in this zone to any appreciable degree. A theory based 
ma “distributed reaction zone’’ model seems to explain 
with fair success the measured values of turbulent flame 
speed. These conclusions apply particularly to flames with 


high intensity turbulence. Zz 
. 


Nomenclature 


specific heat of gas mixture 
flame zone thickness 
fraction of reactant converted to product 
local rate of reaction 

mass flow per unit flame area 
flame speed 

absolute temperature 
turbulent velocity component normal to flame surface 
é turbulent diffusivity 
= kinematic viscosity 

p 


= 
— 
ll 


toi 


= gas density 
= fractional temperature rise 


Subscripts 


L = laminar flame _ T = turbulent flame 


_Presented at the ARS Ninth Annual Convention, New York, 
November 30, 1954. 

- This paper is based on experiments carried out by the three 
fitor authors in partial fulfillment of the requirements for the 

MS.E. degree. A brief disclosure of some of the results de- 
scribed i in this paper appeared as a Technical Note in JeT Pro- 
PULSION, vol. 24, 1954, p. 254. 

' Professor of Jet Propulsion, Department of Aeronautical En- 
gineering. 

*Former Graduate Student; since og’ 1953 with Westing- 
house Electric Corporation, Philadelphia, P ‘a. 

*Former Graduate Student; since Aug. 1954 with Convair 
Division, General Dynamics Corp., San Diego, Cal. © 
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The Structure and Propagation Mechanism of Turbulent 
Flames in High Speed Flow 


MARTIN SUMMERFIELD,' SYDNEY H. REITER,” VICTOR KEBELY,? 
RICHARD W. MASCOLO* 


Jet Propulsion Center, Princeton U: niversity, Princeton, N. J. an 
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Tue study of high intensity turbulent flames has specific 
practical value because of the occurrence of such flames in 
ramjets, gas turbines, and other jet propulsion devices. It 
has broad scientific significance because such flames repre- 
sent an interesting example of interaction between fluid 
mechanical processes and chemical reaction. In a general 
way, it is well known that the intense mixing developed in a 
flame zone by turbulence tends to shorten the combustion 
region and thereby permits the utilization of compact com- 
bustors. However, it is not yet possible to predict with 
accuracy the increase in the over-all rate of reaction produced 
by turbulence, or more specifically, the increase in the effec- 
tive speed of flame propagation caused by turbulence. Any 
such prediction will have to be based on knowledge of the 
physical and chemical processes that occur in a turbulent 
flame. It is to clarify these processes that the present in- 
vestigation was undertaken. 

Stimulated by the early theoretical developments of Dam- 
kohler (1)5 and Schelkin (2), recent theories of the rate of 
propagation of turbulent flames have been based on the as- 
sumption that the flame zone is a region in which the com- 
bustible mixture is burned through the agency of laminar 
flames, that these laminar flame surfaces move about in the 
thick flame brush in random fashion, and that the augmenta- 
tion of the burning rate arises from the enlargement of flame 
area due to severe wrinkling of the flame surface. The di- 
vergence between the several papers that have been written 
recently on the subject (3, 4, 5) stems mainly from the dif- 
ferent statistical arguments employed to relate the flame 
area increase to the turbulence parameters.® 

Thus, Damkohler and Schelkin have derived relationships 
of this kind 


For high intensity turbulence, this equation reduces to the 
simple statement 


The parameter a enters from geometric considerations of the 
shape of the distortions of the laminar flame surface, and has a 
value of the order of unity. 


‘Former Graduate Student; since Aug. 1954 with North 
American Aviation, Santa Susana, Cal. 
5 Numbers in parentheses indicate References at end of paper. 
6 A recent theory that also uses the wrinkled flame model to 
describe the flow through a turbulent flame is given in (24). 
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The equation derived by Karlovitz has the following form 
for the case of high intensity turbulence, that is, v’ greater 
than Sz 


S T 


- Measurements of turbulent flame speed by Wright (6) 
have been found to agree fairly well with Equation [2], in 
which v’ was identified as the turbulent component of velocity 
in the approach flow. However, measurements of flame speed 
by Bollinger and Williams (7) could not be correlated by any 
of these theories; the dependence on mean stream velocity 
and mixture ratio appeared to be more complicated than the 
simple predictions implied by these equations. Data on 
turbulent flame speeds reported by Karlovitz (3) did not agree 
with Equation [3] when v’ was evaluated in the approach 
flow. By a theoretical argument that rests on faulty fluid 
mechanics (in our opinion), Karlovitz made an estimate of 
the ‘flame-generated”’ turbulence, and by means of this 
larger value of v’ a better fit with Equation [3] was obtained. 
Recent experiments by Wohl (5) showed that the turbulent 
flame speed did not follow any of these simple equations, and, 
in particular, that the effect of mixture ratio was much more 
pronounced than had been expected. 

It should be observed that all of these theoretical attempts 
at an equation for turbulent flame speed assume that the local 
propagation characteristics of the hypothetical fiuctuating 
laminar flame are unchanged. Nevertheless, some suspicion 
that the turbulence might affect the detailed mechanism of 
burning, either by amplifying the local transport rates or by 
modifying the reaction kinetics, has persisted since the early 
publication by Damkohler (1). On the hypothesis that 


“small-scale’’ turbulence would amplify the transport rate 


Wohl and others have pointed out the obvious fact that small- 
scale turbulence exists even in the presence of large-scale tur- 
bulence, and that modification of the normal burning velocity 
might therefore occur with any scale of turbulence. The 
question of the effect of turbulence on the reaction mechanism 
has been raised recently by Gaydon and Wolfhard (8) and by 
Clark and Bittker (9), both of whom investigated the spectral 
intensity distribution of the light emitted by turbulent 
flames, but their results were inconclusive and mutually 
contradictory. Von Kaérmdén and Marble, in 1952, expressed 
the opinion that the interpretation of the phenomena in the 
turbulent combustion zone as a superposition of oscillating 
wrinkled laminar flame fronts was doubtful, particularly for 
fully developed turbulence, and that the visual observations 
showing something similar probably referred to a transition 
state (11). 

If these suspicions turn out to be justified, it will be nec- 
essary to discard the fluctuating laminar flame model of the 
turbulent flame. In spite of certain ionization fluctuation 
measurements by Karlovitz (22), which were interpreted as 
supporting evidence, there is no convincing proof of the model. 
Furthermore, it has been reported by Longwell (10) that in 
certain ramjet-type burners, the volumetric intensity of 
combustion is so high that the turbulent flame brush could 
not possibly contain enough laminar flame sheets to provide 
the laminar flame area needed to account for the observed 
combustion intensity. 

Early in 1953, the senior author of this paper initiated a 
series of experiments designed to test the validity of the 
wrinkled laminar flame model, with the hope of settling the 
controversy. The very first results, described later under 
the heading of filtered photographs, contradicted this model, 


and there emerged instead a more reasonable physical de. 
scription, namely, that the turbulent flame is a region of 
distributed reactions occurring in sequence along the flow lines 
with smooth spatial variations of the time-average values of 
composition and temperature, somewhat like a thickened 
laminar flame. It was believed that this model would app) 
particularly to flames with high intensity turbulence. The 
reaction zone would be characterized by special reaction rate 
functions (depending on the turbulence) which would gover 
the transition from unburned fuel and air on the cold side 
through the region of short-life intermediates and _partia| 
combustion, to the region of stable products on the hot side. 
On this basis, it is possible to derive an expression for the 
turbulent flame speed. 


The Burner and Test Equipment 


The first matter to be investigated was the physical and 
chemical structure of the turbulent flame zone in order to 
establish a sound basis for theoretical analysis. Following the 
investigation of flame structure, the turbulent flame speed 
was to be measured for comparison with the theory. 

It seemed logical to carry out the experiments on flame 
structure with a turbulent flame as nearly two-dimensional 
as possible. This was particularly necessary for the spectral 
traverses and for measurements of flame speed and flame thick- 
ness. A schematic drawing of the burner is shown in Fig. | 


Hydrogen Diffusion Flomes ”\ lain Burner Port 


Top View of Burner 
Ports 


t-Colming Screens (3) 


Fig. 2 Turbulent flame burner mounted vertically with Hilger 
spectrograph at right and camera at left 


and the setup of the equipment is shown in Fig. 2. The 
burner was positioned vertically to avoid asymmetric dit 
tortions due to buoyancy of the hot gases. Flow velocities 
up to 120 ft/sec were attainable at the burner port and, to 
prevent blow-off, the flames were anchored in the high speed 
stream by smal] hydrogen diffusion flames burning on narrow 
slots along the two sides of the main burner port. The tur 
bulence generating grids were mounted in interchangeable 
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frames 2 inches below the port. Two grids were employed, 
in addition to a clear-passage frame: one consisted of !/j.-in. 
round rods located on '/;-in. centers, with two sets of rods 
crossing at right angles; the other consisted of !/s-in. rods on 
i/-in. centers. Turbulence in the flow approaching the grids 
was damped out by fine-mesh calming screens and an 80-to-1 
area ratio contraction section. The turbulence intensity 
('/U) produced by the grids at the port was of the order of 
10 per cent, based on turbulence decay correlations of Sim- 
mons and Salter (12). 

The fuel selected for the experiments was commercial 
grade methane, which is described as consisting of 93.5 per 
cent methane plus at least 5 per cent paraffinic hydrocarbon 
gases. The measured laminar burning velocity was sub- 
stantially in agreement with published data for pure methane. 
The air was taken from a 2500-psi general laboratory supply, 
regulated down to a low pressure level before admission to the 
burner. Premixing of fuel and air was accomplished in a 
packed bed flow section upstream of the calming screens. 
Flow rates of air, methane, and hydrogen were measured by a 
rotameter and two orifice meters, respectively. The general 
appearance of the flame, without a grid and with the 1/,-in. 


mesh grid, is shown in Fig. 3; comparison of the two photo- 


fig. 3. Methane-air flames with and without turbulence in 
approach flow. 8% feel/air. Air flow, 70 ft/sec. Turbulence 
grid '/,-in. mesh 


graphs shows the effect of turbulence in shortening the flame 
whe, since the flow rates and mixture ratios were the same in 


tach case. 


Filtered Photographs of the Turbulent Flame 


The first experiment to test the validity of the fluctuating 
minar flame model consisted of making a photographic 
survey over the entire flame zone of the relative intensity of 
ight emission from the various emitters that normally radiate 
1a laminar methane-air flame. This was done by photo- 
gaphing the same flame through different interference-type 
ilters, each selected to admit a part of the spectrum at which 
‘particular emitter radiates. 

Behind this test was the following reasoning. A laminar 
fame is very thin at atmospheric pressure, in comparison with 
‘turbulent flame zone, and if laminar flames are present in 
‘very region of a turbulent flame, then all the characteristic 
udiations of a laminar flame should be observable in every 
gion of a turbulent flame. More precisely, if attention is 
cused on the path of the fuel-air mixture as it flows into the 


burning zone, the onset of emission by a product molecule such 
as H.O should not lag the onset of emission by a transient 
adical such as CH by more than the thickness of a laminar 
flame. From results of experiments by Wohl (14), in which 
the intensities of various emissions were traced with high 
resolution through a laminar butane-air flame, it can be seen 
in Fig. 4 that the spatial lag should be expected to be less 
than '/2mm. To confirm Wohl’s result for a laminar flame, 
and to test the proposed experiment, a laminar methane-air 
flame on a round bunsen burner was photographed with a 4 < 
5 Speed Graphic plate camera, first through a 4300 AU filter 
(CH emission) and then through a 9300 AU filter (H.O 
emission). The two photographs are compared in Fig. 5 
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Fig. 4 Distribution of radiation intensity through a 2.67°( bu- 
tane-air laminar flame at 1 atm pressure, at 4315 AU (CH) and 
2.505 u(H.0) 


Temperature distribution deduced from infrared radiation intensity 
(solid line) and estimated from thermocouple traverses of low pres- 
sure flames (dashed line). Data taken from Wohl (14) and Friedman 


Fig. 5. Laminar flame on tube burner, photographed through 
4300 AU filter (CH) and through 9300 AU filter (H:O). 7.3% 
fuel/air. 


The principal observable difference is that HO continues 
to radiate above the primary flame zone, whereas CH does not 
radiate anywhere except in this zone. This is not surprising, 
since H,O is a permanent product of combustion and radiates 
as long as it is hot, whereas CH is consumed in the primary 
flame zone. The important point to notice is that H.O 
emission starts very close to the start of CH emission. 

The result of the test performed on a turbulent flame is 
shown in Fig. 6. The same filters, 4300 and 9300 AU, were 
employed for this pair of photographs. It is evident that the 
onset of H.O emission does not take place within !/. mm of the 
onset of CH emission, but lags behind it at distances of 2 to 
10 mm in various parts of the flame zone. The exposure 
times were chosen to produce approximately equal maximum 
densities on the two plates, in order to be sure to avoid any 
false space lag due to the low intensity of the HO radiation. 
A more accurate comparison of such filtered pictures is shown 
in Fig. 7, by means of superimposed tracings of the flame boun- 
daries as photographed through the two filters. 

Clearly, the results of these experiments are in sharp con- 
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Turbulent flame photographed 
through a 9300 AU filter (H.O) 
and through a 4300 AU filter 
(CH). 9.7% methane/air. Air 
velocity, 70 ft/sec, '/;-in. mesh 
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Fig. 7 Outlines of two turbulent flames, each photographed 
through a 4300 AU filter (CH) and a 9300 AU filter (HO) 


tradiction with the fluctuating laminar flame model of a tur- 
bulent flame. It seems, instead, that the reaction is distrib- 
uted over a fairly deep zone, ten to a hundred times thicker 
than the normal laminar flame. 


Spectroscopic Traverses of the Turbulent Flame 


The distribution of characteristic radiations in the turbu- 
lent flame zone was investigated in another way. A Hilger 
intermediate quartz spectrograph was used to traverse the 
flame zone along preselected ‘“‘cuts’’ as shown in Fig. 8. An 
image of the flame is focused on the entrance slit of the spec- 


Fig. 8 Orientation of the spectrograph for a spectral traverse of 
the turbulent flame zone 
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bands for this study are those of OH (3060 AU), CH (4300 


Jonization Fluctuations in Ttirbulent Flames 


_ modeled after certain experiments by Karlovitz, et al. (22) 0 


- trograph with a quartz lens, the slit thereby admitting , 
“slice”? of the flame. Images of this slice are thus recorded 
- on the spectrum plate in every “color” emitted by the flame. 


_ Fig. 9 Typical spectrum obtained with spectrograph set up in 


_ Each spectrum line on the plate therefore represents an in- 


flame. 
A print of a typical turbulent flame spectrum is shown in 
Fig. 9. The scale alongside the spectrum gives the approxi- 
_ mate wavelength in units of 100 AU. The most interesting 


tensity traverse in a particular wavelength of the slice of the 


AU), and H.O (9300 AU). The first feature to observe js 
that the spectrum is divided into two stripes. This follows 
directly from the fact that the slit straddled the two legs of 


Fig. 8 

Three bands of interest are located at 3060 AU (OH), 4300 AU 
(CH), and 9300 AU (H2O). (Wavelength scale photographed on the 
plate is slightly off.) Fuel/air ratio, 9.6%. Velocity 73 ft ‘sec; 1), 
inch mesh grid. See References (15) and (16) for band identi- 
fications. 


the two-dimensional flame, as shown in Fig. 8. The signifi- 
cant result of this investigation is that the H.O band at 930 
AU has a much broader dark gap in the center than the bands 
of either CH orOH. This is confirmed quantitatively |v com- 
parison of the densitometer traverses of these three b:nds, as 
shown in Fig. 10. The vertical scale shows the relative in- 
Fuel-Air Rotio= 9.6% 4 
Port Velocity =73 ft/sec 


_ Traverse at 50% of 
inner Cone Height 


. 


Horizontal Distonce From Flame Centerline, MM 
Fig. 10 Comparison of densitometer traverses of spectrum plate 
of Fig. 9 to bring out the relative positions of the emitters in the 
flame zone 


tensity of the transmitted densitometer beam as it traversed 
the plate of Fig. 9, and the horizontal distance scale has beet 
translated into actual distances in the flame zone. 

The results of this spectral analysis confirm the findings 0! 
the filtered photographs, namely, that the reactions in the 
turbulent flame are spread out over a zone much deeper thal 
the thickness of a laminar flame.’ 


A third test of the structure of a turbulent flame wa 


fluctuations of the ionic conductance of flames. It is we! 
known that the ion concentration in a laminar flame is sever! 
orders of magnitude greater in the immediate vicinity of thei 
active reaction zone than in the hot gas above it. Therefore 
if a laminar flame is traversed by a nichrome wire probe col 
nected to a circuit designed to measure the electrical resis 
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7W. G. Agnew reported similar separations in propane flameg@e cireui 
for the regions of C. (5165 AU) and CH (4317 AU) emissions, 0%!" ohms. 


for the onset of the radiation, but for the disappearance of th 


the 


two radiations near the end of combustion. These results bas™duct:ar 


on tests made in 1949 led him to propose a “zone of react 
instead of a “flame front’ (23). 
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ance of the flame, the flame will exhibit a high resistance 
everywhere except in the active reaction zone. 
ispositioned in a turbulent flame, the measured resistance will 
fuetuate as the local ionic concentration surrounding the 
probe fluctuates. The point of the test is this: If the tur- 
hulent flame is merely a nonsteady wrinkled laminar flame, 
then the over-all flame resistance will fluctuate from high 
levels when the laminar flame is not in contact with the probe 
to low levels when it is in contact, and intermediate values 
should be rare; on the other hand, if reaction is taking place 
throughout the turbulent flame zone, in pockets of varying 
jegrees of reaction distributed at random, then the instanta- 
neous resistance should show a wide range of values corre- 
sponding to the random distribution of ion concentration. 

The probe circuit, copied from a design supplied by Kar- 
lovitz and his colleagues at the Bureau of Mines, is shown in 
fig. 11, and the characteristic curve of output voltage signal 


— 


IONIZATION DETECTOR CIRCUIT 


10” R, ohms 

Fig.11 Flame ionization detector circuit measures instantaneous 

electrical resistance of the flame between the bare probe and the 

burner (ground). Characteristic curve shows output signal 
voltage vs. input resistance 


gainst input flame resistance is shown in the same illustra- 

n. For an equivalence ratio of about one, the observed 
rnge of flame resistance was of the order of 108 ohms, cor- 
sponding to a probe output signal of about 1 volt.’ 
leaner flames indicated considerably higher resistance. 
The response time of the measuring circuit was shorter than 
)X 10~* see on the basis of the observable detail in the os- 
lograms. The time interval required for a laminar flame 
nization zone to pass the probe, with a port velocity of 
) ft/sec, would be at least 5 X 10 sec, so that the probe 


lual laminar flame sheets even if they were closely packed 
ithe turbulent flame. 

The probe itself was an uncoated 0.0055-in. nichrome wire 
dout 2 inches long. It was sufficiently sturdy to withstand 
the heating and the stream impact, and it was sufficiently 
thin not to act as a flameholder or to disturb the flame visibly. 
The output signal produced by the probe as it traversed a 
Sunsen-type laminar flame is shown in Fig. 12. The effective 
thickness of a laminar flame is about 1.3 mm at f/a equiva- 
ence ratio of 0.97. This agrees with the measurements 
Karlovitz (22). 

Typical oscillograms for a probe positioned in a turbulent 
‘ame are shown in Fig. 13. The points of significance are: 
\) that the signal voltage exhibits a broad range of values, 
rith the important intermediate values occurring quite 
requently; (2) that the signal voltage never goes to zero, 
nicating that an appreciable ion concentration is always in 


‘Unfortunately, a calibration of the response of the probe 
teuit in the range of 108 ohms was not made before the equip- 
tent was disassembled, but an extrapolation based on analysis of 
‘he circuit indicates that a signal of | volt corresponds to ‘about 
Pohms. In ¢he range of resistance in which the circuit was 
‘Bed, the voltage signal is approximately proportional to the 
mnductance. Of course, the conclusions reached from these 
“sts do not require a precise conversion from voltage signal to 
‘ame conductance. 


Aveusr 1955 


If the probe 


= 
= 
-90v | 
or 
R:0 
cro '™. 


reuit was deemed capable of detecting the passage of indi- — 


if Laminar flame 
Methane /air =10.2% by vol. 


ae Probe 0.0055" bore 
nichrome wire 


Oscilloscope signal, volts — 


Thickness of 


layers 
Horizontal distance traveled by probe, inches 


Ionization probe traverse of a laminar bunsen flame 


Fig. 12. 


The straight wire probe penetrated the flame perpendicular to the 


surface. The conductance of two flame sheets is twice that of one. 


Fig. 13 Cathode ray oscillograms with probe in the middle of 
the flame zone 


Single sweep trace (about 0.006 sec) and continuous sweep (170 
eps). Signal voltage is given by magnitude of downward deflection 
from zero line. 


contact with some portion of the probe: (3) that the con- 
ductance of the turbulent flame reaches peak values that 
considerably exceed the conductance of a laminar flame. A 
summary of the data obtained from similar oscillograms taken 
at various stations in the flame is provided in Fig. 14. The 
flame conductance is greater at stations higher up in the brush; 
this indicates an increase in average ion concentration as 
combustion proceeds. While oblique or multiple penetra- 
tions of a flame sheet might explain the high conductance 
peaks, the absence of small values is not so easily explained. 
It seems clear, on the basis of the foregoing argument, that 
the flame gas that was swept by the probe contained not 
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Fig. 14 Ionization probe traverse of turbulent flame showing 

variation of ‘‘minimum signal’’ and ‘‘oscillating signal’’ ampli- 

tudes with vertical position. Electrical conductance increases 
with height of probe above port 


simple laminar flame elements but rather a random distri- 
bution of pockets of gas at various stages of reaction and 
containing various concentrations of ions. The results can- 
not fit the fluctuating laminar flame description of a turbulent 
flame. 


Temperature Distribution Across a Turbulent 
Flame 


The fourth test concerned with the structure of the tur- 
bulent dame deals with the distribution of temperature 
through the flame zone. A typical traverse made‘with an- 
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Corrected Temperature 


_7— Measured Temperature 


__ Position of Maximum 
Emission intensity 


-2 3 


Ditence From inches 
Fig. 15. Thermocouple traverse of turbulent flame 


Corrected temperatures are calculated by assuming that the true 
gas temperature at the peak is the adiabatic flame temperature and 


that error is due entirely to radiation from the thermocouple. 


alumel-chromel thermocouple is shown in Fig. 15. The 
wire was No. 28 B&S gage, butt welded to form a 0.038-in. 
bead. There was no observable disturbance of the flame in 
the vicinity of the junction. Only lean mixture flames were 
tested in this manner, to keep within the temperature limita- 
tions of the thermocouple metals. Chromel-alumel was 
chosen for the thermocouple because previous work by Wright 
and Becker (17) had shown that hydrocarbon-air flames are 
not disturbed catalytically by these materials. 

The corrections for radiation error were made by means of 
the following formula 


= + aT wire! [5] 


The parameter a includes the convective heat transfer co- 
efficient, the emissivity of the bead, and the dimensions of the 
bead. It was assumed that, for any particular traverse, a 
would be nearly constant, and that it could be evaluated 
by equating the error at the peak of the curve to the differ- 
ence between the adiabatic flame temperature and the ob- 
served temperature. The remainder of the curve was cor- 
rected with the same value of a. 

The temperature distribution was located as precisely as 
possible with reference to the peak of the emission contour. 
This was done by photographing the flame with the thermo- 
couple in place, and noting the indicated temperature. The 
plate was then scanned with a microdensitometer to provide 
the couple location on the density contour. 

It can be seen from Fig. 15 that the peak CH emission 
(4300 AU) occurs at a place where the temperature has al- 
ready risen about 85 per cent of the way from initial to peak 
value. If a turbulent flame were really a fluctuating laminar 
flame which spends half the time on one side of its most 
probable position and half the time on the other side, then the 
temperature profile should show only 50 per cent of the tem- 
perature rise at this position because this would be the place 
where half the fuel would be burned. The observed rise is 
85 per cent, not 50 per cent, which indicates a similarity with 
the behavior of a laminar-type flame zone as shown in Fig. 4. 
It seems, therefore, that a turbulent flame is not simply a 
fluctuating laminar flame but really a deep zone of distributed 
reaction with light emission being strongest on the hot side of 
the flame. 


Spark Shadowgraph of a Turbulent Flame 


In most of the tests the effective turbulent flame velocity 
was less than six times the normal burning velocity of the 
laminar flame. According to the wrinkled flame model, 
the area increases due to turbulent motion should be no more 
than 6-fold. If this model is correct, a short-duration (20 
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Fig. 16 Typical spark shadowgraph of turbulent flame 


Exposure time, about 20 microsec. Velocity, 44 ft/sec. 7.2% of CH 
fuel/air. reactic 


microsec) spark shadowgraph should be able to resolve the § thetin 
wrinkled flame surface fairly well because of the relatively § (c) 

moderate degree of distortion. The pictures that we have § sction 
taken indicate instead a highly granular flame zone, with § for law 
many irregularities as small as 1 mm and possibly even § Whe 
smaller. Fig. 16 is a typical photograph at approximately § with th 
one-to-one scale. Notwithstanding the difficulty of differ- J fame s; 
entiating between composition inhomogeneities and tempera- 
ture inhomogeneities, and despite the granulation that must 
occur by superposition of many irregularities within the 
flame along the line of sight, it is unlikely that these pictures 


represent merely a moderately wrinkled laminar flame or Ag 
that flame fronts can be detected positively at all. It is ii 
e 


equally possible that the irregularities visible in the pictures 
are the result simply of the statistical fluctuations of temper- 
ture and composition. 


A Theory of Turbulent Flame Propagation Each 


On the basis of the results of these experiments on the in- a : 
ternal physical structure of turbulent flames, it seems reasons- 
ble that a turbulent reaction zone propagates in _principl 
like a laminar reaction zone, and that a theory for turbulent Test 
est ¢ 


flame propagation can be constructed along the lines of the 
existing theory for laminar flame propagation. In construct: 
ing this theory, we have adopted an earlier approach of vol f.,, a, 
Karman and Marble (11). It should be noted that the partict- 
lar approach described here differs sharply from most pre Bij. 
vious theories in that it rejects the notion that the active§..,1). 
agent inside the turbulent flame is a normal laminar flame §,..; 
The theory of the homogeneous stirred reactor developed b) 
Avery and Longwell (21) also rejects the normal laminar flame 
as the active agent. However, their theory may be regarded 
as the extreme limit of the model employed here, since it 
presupposes such complete turbulent mixing as to make the 
composition and temperature uniform throughout the cot 
bustion zone. 

The complete theory of the laminar flame is known 
involve heat conduction, diffusion of all components in th fiensity. 
mixture, and the kinetics of all reaction steps involved in theterming 
over-all reaction. An accurate theory of this kind for théthe spre, 
turbulent hydrocarbon flame does not seem possible at thifheak den: 
time without more detailed knowledge of hydrocarbon ¢00"BMown jy, | 


Fifteen 


€ sp 
the effect 


lelermine 


Jet 


: 
Then 
. 
= 
| 


hustion. But, just as in the case of the laminar flame (18), 
yseful results can be obtained by applying a purely thermal — 
theory in which the reaction is treated as a one-step process. _ 

The temperature distribution in a steady one-dimensional — 
fame zone (18) can be described by the following differential 


equation 


A solution of this equation, with the usual boundary con- 
ditions, exists for only one value of the mass flow m, hence for 
aparticular flame speed. 

The same formal equation can be written for either the 
laminar or the turbulent case. In the latter case, \ would 
be replaced by pcpe, where ¢ is the turbulent diffusivity. 
Then, three plausible assumptions are introduced in the tur- 
hulent flame case: 

(a) The growth of ¢ from the cold to the hot side follows — 
thesame dependence on temperature as \/p Cp. 

(b) The local reaction rate under turbulent conditions is 
proportional to the local reaction rate under laminar con- 
ditions for the same values of 6 and e, and the proportionality 
constant is the inverse ratio of the respective mean reaction 


—— Boundories of flame bru 
~---Location of flame mean 


times. The mean reaction time is dp/m, where d is the ob- as eee 7 
served flame thickness. (If the time lag between the onset Fig. 17 Scheme for determining effective burning surface area, 

oe, | fCH and H.0 radiation is used as a measure of the chemical thereby effective turbulent flame speed 

' B reaction time, then it seems that the turbulent reaction rate Center line of flame is the peak photographic density contour. 

snot greatly different from the laminar rate. In both cases, Diagram taken from Bollinger and Williams (7). 

the the time lag is about millisec.) 

ely (ec) The boundary conditions for temperature and re- 

ave § action rate at the cold and hot sides of the zone are the same — ss 

ith § for laminar and turbulent flames of the same composition. ; _* po 

ve. When the turbulent flame differential equation is compared All Runs included in 

ely § withthe laminar equation, the existence of a unique turbulent 38 : , Ronged From 55 to 

fer- fame speed can occur only if $0 Two 

ust mrdr _ mit 7 mae 

res 

or §. Lhe values of €, », p are those in the nonburning approach pp 

jg ow. Introducing the burning velocity S, Equation [7] % by Volume, Methone / Air 

res fy eomes Fig. 18 Turbulent flame speed plotted against fuel-air ratio 

Ta All run included: Air velociti /sec >. Fuel- 

€ v 

Each side is a dimensionless number of the character of a as i ' | 

. Bkeynolds number. We have referred to this equation as a 7 o9 _ 

‘similarity hypothesis,’ which is to be tested by experiment. ~ 

iple . All Runs included in 

the§ lest of Similarity Hypothesis for Flame Speed 

Different Turbulence 


To test the validity of Equation [8] it was decided to meas- 
we turbulent flame speed S7 and flame thickness dp under 
various conditions of turbulence € and with various fuel-air 
ttios. Inasmuch as laminar flame thickness data are not 


Grids Were Used 


Stoichiometric 


@ 9 0 


ure wailable, the experiments were confined to testing the state- by 

b ment Fig. 19 Turbulent flame thickness plotted against fuel-air ratio 
ame Srdr All runs included, as in Fig. 18. 

(9] The two previously mentioned turbulence grids were used 

' to create approach turbulence. The turbulence character- _ 
the Fifteen flame tests were carried out and are reported herein. isties were not measured. Instead, published correlations 
oi flame speed was determined by dividing the volume flow by (12, 19) were used to estimate the intensity and the scale. 

Ne effective surface area of the flame. The surface area was The turbulent diffusivity was evaluated from the Prandtl 
1 Wiietermined by tracing the contour of maximum photographic relation ; a 
the ieusity, as described by Fig. 17. Flame thickness was 
theliictermined in a somewhat arbitrary fashion, by multiplying [10] 
the ‘e spreading angle of one leg of the flame, by the height of the Published decay data indicate that (for fixed distance) 
ths ite density contour on the flame axis. All the tests are : 


onBiown in Figs. 18 and 19. 


~ UM"? (M is mesh size).......... 
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It is possible to identify the mixing length / with either the 
integrated scale Z or the microscale \. Therefore, two pos- 
sible relations were tested 


[14] 
[15] 


Macroscale assumption: 


Microscale assumption: 


According to these two possibilities, the experimental re- 
Although it may seem 


sults are plotted in Figs. 20 and 21. 


9 10 
% i Volume, Methone / Air 
Fig. 20 Test of similarity hypothesis for correlating turbulent 
flame speed 


Integrated scale multiplied by cross-stream turbulent velocity 
component is identified as turbulent diffusivity. All runs included, 
as in Fig. 18. 
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% by Volume,Methane/Air 


Test of similarity hypothesis for correlating turbulent 
flame speed 


Fig. 21 


Microscale multiplied by cross-stream turbulent velocity com- 
ponent is identified as turbulent diffusivity. All runs included, as 
in Fig. 18. 


that the microscale assumption is the preferable one,’ the 
choice is not clear-cut in view of the uncertainties involved 
in evaluating S7, dz, and e. 

A more convincing test of the validity of Equation [8] is to 
evaluate each side numerically. Using the best available 
data for turbulent intensity and scale, the left side of the 
equation, for the tests near the stoichiometric ratio, comes out 
to be 6.5 for the macroscale assumption and 16 for the micro- 
scale assumption. The right side of the equation can be 
evaluated using laminar flame thickness data reported by 
Dixon-Lewis (20). It comes out to be about 10. The fair 
agreement is significant when it is considered that the indi- 
vidual numbers for the transport coefficients and the flame 
thicknesses that enter into the two sides of Equation [8] 
differ by factors up to 100. 


° It is of interest. that the shape of the experimental curve of 
Fig. 21 can be predicted approximately by evaluating the right 
member of Equation [8] by means of the well-known Mallard-Le 
Chatelier formula for flame eC Other more exact theories 
would predict a similar shape. . 


Conclusion 

On the basis of the preceding evidence ¢ oncer ning the phys 4 
cal structure of intense turbulent flames and the fair success 
in correlating the observed turbulent flame speeds by a theor, 
based on reaction in depth, it appears that the wrinkled lani- 
nar flame description of turbulent flames should be aban. 
doned in favor of a distributed reaction zone model. _ In this 
direction lies the possibility of predicting on a rational basis 
the length of a ramjet combustion chamber needed for the 
completion of combustion, an objective of great practics 
importance. 
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This paper contains a preliminary investigation of the 
fight path which minimizes both the time and the pro- 
pellant expenditure necessary to fly a rocket-powered air- 
Ja § craft from a given combination of speed and altitude to 
another combination of speed and altitude. 


kin, 


ock § 4, = exit area of the rocket, ft? 
= drag coefficient 

(» = drag coefficient at zero lift «8 
kK. @D = drag, Ib 


) = zero-lift drag, lb 

nae = aircraft efficiency factor 
= acceleration of gravity, ft sec ~? 
= altitude, ft 


low Bi = h + V2/2g = energy height, ft 
M = lift, lb 
= instantaneous mass of the aircraft, lb ft~! sec? 


= mass of propellant consumed per unit time, lb ft~! see 
= Mach number 

ind = atmospheric pressure, lb ft~? 

RM @». = static pressure in the exit section of the nozzle, lb ft~? 

= local static pressure at a point of the external walls of the 
lent aircraft, lb ft ~? 

= air constant, ft? sec~? °R=! 

= Reynolds’number © ° 

wing surface, ft? P= 
= time, sec 
= thrust, lb & 
| = absolute velocity of the aircraft, ft see 

' = weight of the aircraft, lb 

Low §), = average value of the axial component of the relative ve- 


hem. locity of the gases in the exit section of the rocket; 
i.e., velocity referred to a reference frame rigidly con- 
al nected to the solid part of the aircraft, ft sec 


abe = weight of fuel consumed per unit time for an aircraft 
equipped with air-breathing engines, lb sec~! 

derivative of the air temperature with respect to alti- 
tude, °R 

6 = ratio of specific heat at constant pressure to specific heat 

at constant volume = 1.4 for air 

alle = specific energy, ft? 

its; §' = inclination of the flight path with respect to a horizontal 

ypul- plane (positive for climbing flight) 

= aspect ratio 


= air density, lb sec? ft~4 
plied 
Subscripts 
Kf! = initial condition (time instant ¢;) 
2 = final condition (time instant flow. 


= either a condition at time instant ¢ = 0 or a zero-lift con- 
). 3 dition 
ies = incompressible flow condition 


sea level condition 7 


d \pPerscripts 
= derivative with respect to altitude 
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Optimum Climbing Technique for 
Rocket-Powered Aircraft 
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Polytechnic Institute of Brooklyn, Brooklyn, N. Y._ 
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Introduction 


oe ABLE attention has been devoted in recent 
years to the study of the optimum paths of nonsteady 
flight for high-speed airplanes. Typical problems investi- 
gated are the following: the climbing flight of minimum 
time (1-4, 6-8);? the climbing flight of minimum fuel con- 
sumption (1, 4, 7, 8); the steepest climb (4, 8). For the par- 
ticular case of turbo-jet aircraft a systematic application of 
the theory was developed in (5) and (9). 

Because of the analytical difficultics associated with the 
problem, early investigations were based on several assump- 
tions concerning the equations of the motion, in particular: 
(a) the mass of the aircraft is a constant; (b) the equation of 
motion along the normal to the flight path is approximated 
with L = W. These two hypotheses, equivalent to assuming 
a drag function of the type form D = D (V, h), lead to a 
simplified form of the minimal problem, which was solved 
in (1, 2, 4). 

In (1) it was shown that the problem of transferring a 
constant mass aircraft from a velocity V; and altitude h; to a 
velocity V2 and altitude hz with the minimum time or with 
the minimum fuel consumption or with the minimum space 
flown horizontally, is generally solved by a special path com- 
posed of three ares: (a) an initial vertical are starting at 1; 
(b) a final vertical are arriving at 2; (¢) a connecting central 
pattern of equation 


where F = (T — D)V for the minimum time problem, F = © 
(T — D)V/w, for the minimum fuel consumption problem 
and F = T — D for the steepest climb. 

For the case of a rocket-powered aircraft the afore- mentioned _ 
minimal problems are complicated by the necessity of ac- 
counting for the variation of mass with time. No published — 
investigation is known to the writer except an early attempt 


of all possible flight paths satisfying the condition Cp =— 
const. 

Lippisch’s solution, however, is incomplete in so far as the 
boundary conditions are not satisfied, both for the free 
boundary-value problem to which this author refers (Vi, V2_ 
free) and for the fixed-end points problem (Vi, V2 given). 
It is to be noted that Lippisch became aware of the non- 
extremal character of his solution through a numerical ex- 
ample consisting of the comparison of the Eulerian trajectory 
with two arbitrary paths of flight, one in which the dynamic 
pressure is constant and one in which the velocity of flight 
is constant. 


Object of the Present Research 


The scope of the present work is to determine the climbing — 
technique for minimum time of a ae Fa aircraft; 
i.e., the speed-height relationship V = V(h) which minimizes 
the time necessary to fly from a dees initial condition (Ay, 


? Numbers in parentheses indicate References at end of paper. 
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ee A) to a given final condition (hz, V2). The main idea is to 


reduce the mathematical form of the minimal problem to the 
model already solved for a constant mass aircraft, by intro- 
ducing convenient engineering assumptions into the equations 


of the motion. 


Fundamental Equations 


The following hypotheses are used throughout the paper: 
(A) the rocket-powered aircraft is ideally regarded as a par- 
ticle of variable mass; (B) only flight paths contained in a 
vertical plane are considered; (C) the small angle between 
thrust vector and velocity vector is neglected; (D) the motion 
of the propellant in the piping system, in the combustion 
chamber, and in the nozzle is steady with respect to a refer- 
ence frame rigidly connected to the solid part of the aircraft; 
(E) the aerodynamic lag is disregarded; i.e., lift and drag 
forces are calculated as in steady flight. 

Because of the assumptions (A), (B), and (C) the equations 
of the motion along the tangent and along the normal to the 
flight path are written as follows (1, 11, 12): 


T—-D—m(g+ VV’) sno =0.......... [2] 
L m (g cos 6 + V%’ sin@) =0........... [3] 


- 


3 As a consequence of the hypotheses (D), the mass of the 
aircraft is a linear function of the time 


where mp is the mass at the time instant ¢ = 0 (arbitrarily 
chosen) and the summation )> is extended to all the nozzles 
of the aircraft in the general case of an airplane equipped 


with several rocket engines. 
For the case of parallel nozzles,* the thrust vector‘ is defined 


as 
T = (mW. + PeAc) — p [5] 


From Equations [2] and [4] and from the definition of rate 
of climb, the time interval necessary to fly from an initial 
altitude h, to a final altitude h, is obtained 


he dh my 
A exp (-I >> at [6] 


where 


It is to be noted that for given values of m, and }>m, the 
time interval Af is a monotonically increasing function of the 
integral J (see Equation [6]). Asa consequence, the problem 
of minimizing At is essentially identical with the problem of 
minimizing the integral [7]. 

In Equations [8] and [9] the variables 7 and g depend on 
the altitude only. The drag D is a function of the form D = 


In the following discussion the subscript 7 denoting magni- 
tudes relative to the particular nozzles is omitted for simplicity. 
Thus mpi, W.i, pei, Aes Will be written as m,, W., pe, Ae, respec- 
tively. 

* As a consequence of the definition [5] for the thrust, the re- 
sultant aerodynamic force must be considered as the integral of 
all tangential actions and of normal actions due to the pressure 
difference pz — p (px = local static pressure). Such an integral 
is extended to all the external areas of the aircraft, excluding the 
exit area A, of the nozzle. 

5 For the particular case h; < h < he, a proof of the minimal 
character of the path 1M N2 is outlined in Appendix A. 


D (h, V, L) because of the hypothesis (E). In addition, the 
lift is a function of the type L = L(h, V, 0, 6’, t) because of 
Equation [3]. As a consequence the two functions ¢ and y 
have in general the form: = (h, V,0,6’,t, and v¥=y 
(h, V, 0,0’, t). 


Solution of the Minimal Problem 


The analysis of the minimal problem is difficult in genera), 
since the integral [7] depends on the three functions V(h), 
@(h), and t(h). It is therefore convenient to simplify the 
equations of the motion by stipulating that the so-called “in. 
duced drag”’ is negligible with respect to the zero-lift drag of 
the aircraft. The reason for this assumption lies in the fact 
that, particularly at low altitudes, relatively low angles oj 
attack are used by rocket-powered aircraft in the climbing 
flight. Mathematically speaking, this hypothesis is equivs- 
lent to replacing Equation [3] with the following equ:tion 


D = Do = 1/.C'po p SV2 10 


For a given aircraft the drag coefficient at zero lift (po is a 
function of the Mach and Reynolds number. For standard 
atmosphere it is M = M(V,h), R. = R.(V, h) and therefore Th 
Coo = Coo (V,h). The drag of the aircraft is consequently 
reduced to a function of velocity and altitude only, and the r), 
expressions [8] and [9] simplify to @ = ®@(V,h), ¥ = v(V, A) 
h). It follows that the integral [7] to be minimized takes the be 
the form 


he 
{ar, h)V’ + ¥(V, (11 


and is therefore reduced to the well-known type already we 
treated in (1, 2, 4) for a constant mass aircraft. Tou 


Due to the mathematical analogy existing between the re 
actual simplified minimal problem and the form of the prob- 
lem (1, 2, 4), the general demonstration is here omitted and 


the reader is referred to the bibliography.’ Only the results nih 
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Case of point 1 A: point 2 Are Are 
flight belongs as, belongs 1M MN Ne Remarks 
I A = wo =0 06 = No 
II 6 = —7/2 w =0 6 = +7/2 limitations = 
w =0 6 = imposed 
6 = +7/2 w =0 6 = the 
flight path 
I h=h =0 @= —1/2 
II h=h wo =0 6= +7/2 h>h 
III 6= +7/2 w = 0 6 = +7/2 
I a A h=h w =0 h=h. 
II A h= hy wo =0 6= +7/2 h > hy 
|; 6 = +7/2 wo =0 6= +7/2 h<h 
IV B 06 = +7/2 wo =0 


Table 1 Optimum speed-height relationships 


wegiven, With some extension. 

The speed-height relationship V = V(h) which minimizes 
the integral [11] and satisfies the boundary conditions (h,, 
\,), (tz, Ve) is composed of three arcs: 

A) A central are defined by an equation independent of 


theboundary conditions of the problem van 
w(V, h) = Hi 
OV In oh 


B) An initial are 1M and a final are N2 which depend on 
the boundary conditions of the problem (Refs. 1, 4). 

Four types of boundary conditions are possible according 
ty the relative position of points 1 and 2 with respect to the 
uve w = O (Ref. 1). Four different solutions are accord- 
igly found for the terminal branches 1M and N2. These 
wlutions are indicated in Table 1 and Fig. 1, where A (w < 0) 
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«2 Optimum speed-height relationships for the case h > hi 
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denotes the region of the (V, h)-plane located at the left of 
the curve w = 0, and B (w > 0) denotes the region at the 
right of the same curve. 

In addition to problems of absolute optimum, problems of 
conditioned optimum may be handled with the method of 
(1,4). Table 1 and Figs. 2 and 3 supply the solution of the 
minimum time problem under the limitations h > h; and 
hy <h <he. The first limitation is of interest in cases where 
the altitude h, is the ground level and means that the aircraft 
is forbidden to go to altitudes below the initial one. The 
second limitation means that the search of the optimum 
flight conditions is limited to the category of paths internal 
to the region of space bound by the horizontal planes corre- 
sponding to the terminal altitudes. 

With a transformation of coordinates from the (V, h)-plane 


ht h 


~ 


h 
v 
CASE Ill CASE IV 
Fig. 3 Optimum speed-height relationships for the case h; < 
h<he 
387 


the 
a 
| 
(h), 
the 
fact 
S Ol 4 
bing 
liva- a 
(10) 
da 
takes 
— 
| “ 
N 6= 2 / 
N 
N 
he 
ag 
W=0 (a) w=0 = 
Vv Vv 
CASE | CASE II a 
a 
We 
2 4 
é 
: 
|| 
| 


For the particular case g = const, Equation [13] may be re- 


written as 


where h, = h + (V2/2g) is the so-called energy height (Ref. 
2). The variable « may be designated as specific energy. It 
has the dimensions of an energy per unit mass and is of inter- 
est in problems where the acceleration of gravity is considered 
a function of the altitude. 


Optimum Mach Numbers 


The central part MN of the optimum distribution of speeds 
is independent of the boundary conditions and is defined by 
the equivalent expressions [12] or [13]. From Equations 
[8], [9], [10], [12], one obtains the following formula for the 
best speed-height relationship 


ov ng dy 


- Reynolds number, by using Equations [5] and [10], the ex- 
_ pression of the sonic speed, the derivatives of the density, 

pressure and temperature of the air with respect to the alti- 
tude and by introducing the Mach number in place of the 


.. [16] 


+ > oM Ss 


E M 


+ 2A] 


[18] 
In general, Equation [17] is to be solved graphically. An 
For in- 


ane, solution is possible only in special cases. 
stance, if the derivative of the minimum drag coefficient with 

respect to the Mach number may be neglected, Equation [18] 
= reduces to a biquadratic one, whose solution is the following 


3 e 


+ 


Equation [19] may be of use at low altitudes, when the speed 
for optimum climb still belongs to the region of quasi-incom- 
pressible flow. A numerical analysis, however, indicates 
that the state of flight predicted with Equation [19] at vari- 
ous altitudes is to a first approximation characterized by the 
constancy of the dynamic pressure. As the altitude increases, 
both the velocity and the Mach number increase with such 
rapidity that the hypothesis (OC p/0M) = 0 is soon no longer 
satisfied and the calculation of the optimum distribution of 
speeds is to be carried out with Equation [17]. 
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velocity as a variable. The following result is obtained > 


It is of interest to compare the central part MN of t| 
actual solution with the well-known ‘‘quasi-steady”’ solutio; 
of the problem of the best climbing performance. In thy 
quasi-uniform approach the optimum distribution of speeds 


is defined by 4 
re) 
—— (TV — DV = 0. (2 
E 


At low altitudes the hypothesis D = Dy may be intro:luced i 
Equation [21], vielding 


re) 


From Equations [22], [5], [10] and from the definition ; 
Mach number, one obtains the following expressions for the 
quasi-steady optimum speed-height relationship 


oC p 


oM 
iat containing (OC p/OR,.) have been neglected in Equa- 
tion [23]. The Mach number solving Equation [23] is desig. 
nated by M,. In particular, when the hypothesix (0C, 
OM) = Ois justified, M, is given by 


In Fig. 4 the ratio M/M,, between the Mach number M de. 
fined by Equation [19] and the Mach number M, detined b 
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Fig. 4 Optimum velocity for tropospheric flight, incompressiblt 
airstream 


Equation [24] has been plotted as a function of the parame 
ters (7'/C popS), A./C for the ihcompressible flow 
tropospheric flight. The best climbing technique calculate! 
accounting for the nonsteadiness of the motion is characte’ 
ized by velocities which are less (2-10%) than the velocities 
determined with the old quasi-steady treatment. 

Fig. 5 shows the results of a typical calculation carried 0! 
for a rocket powered aircraft having the following characte’ 


istics: 

r =5 m = 410 lb sec? ft-! Tst = 4410 lb 

(€)inc. = 0.8 S = 269 sq ft DA. = 0.48 sq ft 
(Coo)ine. = 0.018 = 0.67 Ib sec ft 


The prediction of the drag variation in compressible airstre 
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has been carried out using the data of (13, chapter 2). The 
distributions of speed are shown in Fig. 5. 
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dae Fig. 5 Comparison between various distributions of speed 
(OC'p 

1 Distribution A, defined by Equation [16], which ac- 
counts for tangential acceleration effects, but neglects the 
induced drag. 

2 Distribution B, defined by Equation [22], which neglects 
both tangential acceleration terms and induced drag terms. 

3 Distribution C, defined by Equation [21] which neglects 
acceleration terms, but accounts for the “induced drag,’’ by 
computing the lift according to L = mg cos 6. In the par- 
ticular example carried out, the hypothesis [10] concerning 
the drag of the aircraft is approximately satisfied up to 
iltitudes of about 40,000 ft. Equation [16] predicts the 
test distribution of speeds V V(h) with a precision of 
2 per cent up to 40,000 ft. At higher altitudes due to the 
ower air density and to compressibility effects on the drag, 
the lift coefficient for best climb increases in such a way that 
the so-called ‘induced drag” is no longer negligible with 
respect to the minimum drag. 


(A) Equation [6] is general and contains the one com- 
nonly used in the mechanics of flight of airplanes propelled 
y air-breathing engines as a particular case. For an air- 
mit having an ideally constant mass (>, > 0), Equation 
li]reduces to 
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(B) For a rocket-powered aircraft utilizing constant con- 
(itions in the combustion chamber, }>my, is a constant and 
the propellant consumption is proportional to the flying time. 
4s a consequence, the path of minimum time is identical to 
the path of minimum propellant consumption. Such an 
identity is not verified for aircraft powered by air-breathing 
‘igines. For instance, the paths of minimum time and of 
tinimum fuel consumption for a turbojet aircraft differ in so 
laras the former is to be flown at comparatively higher ve- 
heities (4). 

(C) The speed-height relationship V = V(h) determined 
vith the present analysis (which accounts for inertia terms) 
ind the distribution of speeds obtained with the old quasi- 
steady treatment (which neglects inertia terms) differ in so far 
, ‘s somewhat lower velocities are now predicted. For turbo- 
ft it aircraft, on the contrary, to account for acceleration terms 
suifts the predicted distribution of speeds toward the region 
ifhigher velocities (4). 

(D) Of particular importance is the assumption [10] con- 
‘ning the drag. A verification of such a hypothesis shows 
that it introduces a relatively small error at low altitudes for 
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_ the portion MN of the optimum path. As the altitude in- 


creases, however, the accuracy in the determination of the 
best speed-height relationship decreases. Due to the lack of a 


a analytical relationship between Cp, C,, and M, it is 


difficult to define the exact range of applicability of the pres- 
ent theory. It is felt, however, that at higher altitudes the 
precision of Equation [16] may be improved by substituting 
_ init Din place of Do. 
(E) A numerical example has been carried out for the con- 
ditions V; = 300 mph, h, = 0 ft, V, = 580 mph, hz = 50,000 
ft, hi < h < h,. The time At has been calculated for the 
three distributions of speed A, B, C of Fig. 5 according to 
- Equations [6], [7], [8], and [9] and assuming D = Dy for the 
three cases. The results confirm the extremal nature of the 
optimal solution A. 
(F) The optimum speed-height relationship V V(h) 
has a corner at the points M and N where the curve w = 0 
intersects the two vertical paths starting at 1 and arriving 
at 2 (Fig. 1). Such’a discontinuity is the consequence of the 
hypothesis D = Dy and would certainly not exist, should the 
minimal problem be treated with the exact equations of the 
motion. 

(G) The main advantage of the present solution is cen- 
tered in its simplicity and ease of computation. Results, of 
course, must be handled with caution, i.e., taken cum grano 
salis according to the Latin sentence. From the point of 
view of practical flight operations, the optimum discontinuous 
curve 1MN2 is to be substituted with a feasible continuous 
trajectory, by eliminating the corners M and N and by intro- 
ducing convenient transition paths between the branch w = 
0 (MN) and the two end portions (1M and N2) of the Eulerian 
solution. It is obvious that the above transition patterns 
must be compatible with the structural limitations of the 
aircraft, with the physiological ability of the pilot to withstand 
accelerations, with the stalling behavior, and with the thrust- 
drag characteristics of the aircraft. 

At the present time the writer is collaborating with Pro- 
fessor Placido Cicala of the Politecnico di Torino, Italy, in an 
attempt to solve the minimal problem under more general 
hypotheses. Preliminary analyses (14) indicate that if the 
equation of the motion along the normal to the flight path is 
written as L — mg = 0, all the solutions indicated in Table I 
remain formally true, provided D be substituted in place of 
Do in the analytical expressions for the ares 1M, MN, and 
N2. When, on the other hand, the equation of the motion 
on the normal to the flight path is used in its exact form [3], 
the Eulerian trajectory is defined by a sixth-order system 
of nonlinear differential equations integrable, in general, 
only by approximate methods. The results of such an in- 
vestigation wil! be communicated at an early date. 


Proof of the Minimal Character of the Path IMN2 


I Introduction 


The results of Table 1 and of Figs. 1, 2, 3 of the main part 
of the paper may be justified in two ways: (a) by means of 
indirect variational methods (16), i.e., by formulating the 
minimal problem as a problem of Mayer type and by using 
Zuler’s equations in combination with the Lagrange multi- 
pliers; (b) by means of Green’s theorem and of the special 
properties of the function 

| ov 
where # and w are defined by Equations [8] and [9]. 

The methods (a) and (b) give identical results. The second 
one, which is here explained, has been already used by the 
writer in (1) and (4), for the case of a constant mass aircraft. 
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 Green’s theorem leads to a straightforward proof of the 


= hy). 


II Properties of the Function w (V, h) 


Hissiation [A-1 4 may be rewritten as 


+3 


w(V,h) = (DV — rv) |. . [A-4] 


__-_I[t is of particular interest to determine the locus of the 
points of the (V, h)-plane where w = 0. Such a locus is de- 
fined by 


V? A(T — Do) 
g 


Dh =0.......[A-5] 


Equation [A-5] admits in general more than one solution V(h), 
depending on the shape of the drag function Cp = f(M). 


The solution corresponding to lower speed is here designated 


y Vi(h). Successive solutions (if they exist) are designated 
by Vir(h), Virr(h), Viv(h), ete., where by convention Vi(h) < 
< Vini(h), ete. 
divided into regions whose denomination is as follows: A 
denotes the region bound by the curves V = 0 and Vi(h); B 
refers to the region between Vi(h) and Vir(h); A’ denotes the 
region between Vii(h) and Vin(h); B’ refers to the region 
between Vin(h) and Viy(h), ete. (Fig. 7). 

A numerical analysis shows that the function w is negative 
in the region A, positive in the region B, again negative in 
the region A’, positive in the region B’. 


III Admissible Displacements 


Consider an aircraft having the state of flight (V, h) at time 
instant ¢ and assume 7’ > Dy as is the case for climbing flight, 


Fig. 6. Admissible displacements in the (V, h)-plane _ 
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minimal nature of the path 1MN2 and is of particular use- 
fulness in cases where limitations are imposed to the class of 
ares investigated, such as h; < h < he (paths internal] to the 
region of space limited by the horizontal planes h = h, and 


Because of the hypothesis D = Dy and of the relationships 


The (V, h)-plane may therefore be 


a 


At time instant t, = ¢ + dt, the aircraft has reached the new 
state of flight (V,, hy) according to the maneuver performed 
by the pilot. Not all the displacements PP, are physically 
possible. As a matter of fact, the equation of the motion on 
the tangent to the flight path 


dh V 
dV [((T — Dy)/msin 6] —g 


states that for given values of h, V, m the derivative dh/ay § 1 
is a function of sin@. Asa consequence, all the possible dis.  ¥ 
placements PP, belong to the region C bounded by the two § “ 
limiting displacements PF and PG corresponding, respec. 
tively, to sin? = +1 and tosin@ = —1 (Fig. 6). . 

If real solutions are searched, the inequality —1 < sin@ <| 
is to be accounted for at any point of the flight path. If, in 
addition the limitation h; < h < he is imposed to the 7% B 
path, the following inequality is ies to be considered : nd 
sin 8 < 1, at points 1 and 2. = 4 th 

The optimum speed-height are de. 
scribed in Table I for twelve possible cases of flight. The 
minimal proof is here offered for one of these twelve condi- 
tions. The technique is analogous for the other eleven cases, 
being based on the considerations of sections II and III and § ie. 
on the application of Green’s theorem. 

The demonstration offered here refers to case I, h; < h < 
ha, i.e., to the acceleration and climb from low speed and low 
altitude to high speed and high altitude of a rocket-powered § The 
aircraft utilizing paths internal to the region of space bound § the 
by the horizontal planes corresponding to the terminal alti- 
tudes. In addition, only flight paths internal to the regions 
designated by A and B are here considered. whit 

The optimum path is composed of three ares: an initial & cha 
arc 1M of equation h = h,; a central are MN of equating 1 

= 0; final are N2 of equation h = he. This statement § figh 
may be proved, by comparing the special path 1M.\2 with & the, 
the arbitrary but physically possible path 1K2 and by show- fF hori; 
ing that the following inequality holds (Fig. 7) path 

The time At being a monotonically increasing function oi the ¢ 
the integral J, it follows that the inequality [A-7] is equiva- fj plane 
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ie, 


“a= +wdh)>0...... [A-9] 


To prove the inequality [A-9], the above line integral is now 
gparated into two cyclic integrals associated with the pat- 
tens K2NK and K1MK 


> 
I= Drove + ¥ dh) + ¥ ah) 


By using Green’s theorem, the afore-mentioned integrals are 
now transformed into two surface integrals associated with 
the areas S, and Sz internal to the contours K1MK and 
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The function w being positive in the region B and negative in 
theregion A (section II), it follows: 


ie, 


which proves the inequality [A-9] and therefore the minimal 
character of the path 1MN2. 

The same method may be easily extended to other cases of 
fight. For instance, if the limitation h; < h < hz is lifted, 
the optimum technique of flight changes, in the sense that the 
horizontal branches 1M and N2 modify into two diving 
paths starting at 1 and arriving at 2. Such a case has been al- 
ready treated in Ref. (1) utilizing Green’s theorem as above in 
combination with the considerations of section III concerning 
the admissible displacements of the aircraft in the (V, h) 


APPENDIX 

Elaboration of the Analysis Leading to 
Equation [6] 


The equation of the motion on the tangent to the flight path 
2] may be rewritten as follows after accounting for Equa- 
tions [8] and [9] 


1 
mV sin @ ) 


The above equation and the relationship between rate of 
climb, velocity modulus and path inclination (dh/dt = V sin 
4) yield 

d d 

[B-2] 

m 
Equation [B-2] is integrated accounting for Equation [4], 
the following result is obtained 


‘This section of the paper has been written at the suggestion 
f Professor D. O. Dommasch, of Princeton University. 
_'The above result may also be derived by using a modified 
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‘rm of the demonstration of Appendix A, based on Green’s 
theorem. 


. 


where 


Equations [4] and [B-3] yield 


J 
Linn, | 


1 — exp 


history of the motion, i.e., on the three functions V(h), 0(h), 
t(h). For the case where Equation [3] is approximated with 
L = mg, I becomes independent of 0(h). For the other par- 
ticular case D = Do, J depends only on the velocity distribu- 


tion V(h). 

(h) 

Supersonic Climb’ 

Appendix A contains a proof of the minimal character of 

_ the path 1MN2 under several restrictions, most important of 

which is the fact that the investigation is confined to the 
category of arcs internal to the regions A and B. 

When the above limitation is lifted, the demonstration of 
Appendix A is no longer valid. The most convenient way 
for handling the minimal problem consists of using the indirect 
methods of the Calculus of Variation, as recently done in 
(14, 15, and 16). In (16) it is shown that if no limitations 
are imposed to the geometry of the flight path, the Eulerian 
solution is defined by an equation of the type w cos 8 = 0, 
which is a curve composed of a combination’ of vertical paths 
(cos@ = 0) and climbing flight along w = 0. 

If the equation w = 0 admits one single solution Vi(h), the 
optimum paths are of the type shown in Figs. 1, 2, and 3 of 
the present report. 

If, on the other hand, equation w = 0 admits several solu- 
tions Vi(h), Vur(h), Vin(h), Viv(h) .... , the situation is 
as follows: V1(h) is a pattern of minimum time, Vi(h) is a 
path of maximum time; Vin(h) is another pattern of mini- 
mum time, ete. 

A numerical analysis shows that in general V;(h) is sub- 
sonic-transonic, while Vir(h) is supersonic. Quite often the 
rates of climb along part of Vin(h) are negative. For high 
values of the parameter 7'/pS, however, the rates of climb 
along Vin(h) may become positive, so that a supersonic climb 
is physically possible. 

The next step should be to decide whether it is convenient 
to climb along Vi(h) or to climb along Vin(h) or to climb 
along a combined pattern which is composed of a part flown 
along Vi(h) and a part flow along Vin(h). Should the third 
alternative be of engineering interest, another question is to 
establish the special altitude at which it is convenient to stop 
the subsonic climb along V1(h) and to dive to the supersonic 
region. 

To clarify the above problem, the author has carried out a 
number of preliminary computations for an aircraft having a 
thrust loading 7'/S = 50 lb/sq ft, and has investigated the 
region between sea level and h = 60,000 ft for the following 
boundary conditions: M, = 0.5; h; = 0 ft; Mz = 2.8; h, = 
60,000 ft. Results indicate that a subsonic climb along V1(h) 
is to be preferred to a supersonic climb along Vin(h). The 
writer, however, is unwilling to derive a general conclusion 
from one particular set of calculations and thinks that the 
proposed question requires further investigation. 


(Continued on page 399) 
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The unconventional flight path of the Viking, viz., a 
high altitude nearly vertical trajectory, results in some 
unusual problems in the design of an automatic stabiliza- 
In the present vehicle these problems are 
First, 


tion system. 
solved by employing three separate subsystems. 
there is the motor control system which obtains corrective 
moments by altcring the line of thrust of the liquid rocket 
engine. The second system, the aerodynamic roll system, 
employs movable tabs attached to two of the fins. Finally 
there is a thrust reaction system which obtains control 
moments through the use of small jet motors. Design of 
the first two subsystems was based on the familiar fre- 
quency response techniques, while automatic computers 
and nonlinear methods were required for the third system. 
Results of flights to. date indicate that the basic approach 
was sound. However, experience gained on the first nine 
rockets has shown the need for greater emphasis on relia- 
bility, ease of adjustment, and interchangeability of sys- 
tem components during the early phases of the program. 


The Viking Rocket 


N December 1945, the Rocket Sonde Research Section of 

the Naval Research Laboratory was formed for the pur- 
pose of conducting high altitude atmospheric research by use 
of rockets. During the initial phases of the research program, 
captured German V-2 rockets were employed to carry the 
necessary instruments aloft. However, the German rockets 
were limited both in quantity and usability, so the Naval 
Research Laboratory established a requirement for a rocket 
designed specifically for upper air research. 

As originally conceived, the Viking (then called HASR-IT) 
was to carry instrument payloads up to 500 lb to an altitude 
of 100 miles along a nearly vertical trajectory. The desired 
trajectory was to be maintained by a self-contained automatic 
stabilization system. Aerodynamic stability was to be pro- 
vided through the use of fins. 

The propulsion system of the Viking, like that of the V-2, 
was to consist of a liquid rocket power plant which employed 
a steam-driven pumping system to deliver the propellants 
(alcohol and liquid oxygen) to the thrust cylinder. 

To obtain a vehicle meeting NRL’s requirements, the Office 
of Naval Research and The Glenn L. Martin Company 
signed a contract in the summer of 1946 which provided for 
the design, manufacture, and flight test of ten rockets. Since 
much of the necessary design data could be obtained only 
through flight test, the contract provided for the incorpora- 
tion of changes as flight data became available. This concept 
of continued test and modification has been a basis for the 
program philosophy. 

Power plant development was conducted under a separate 
contract between the Bureau of Aeronautics and Reaction 
Motors, Inc. When the development program was com- 
pleted, power plants for the rockets were to be furnished by 
direct subcontract between Martin and R.M.I. 


Presented at the ARS Ninth Annual Convention, New York, 
, November 30—December 3, 1954. 
1 Senior Sales Representative. Mem. ARS. 


392 


amare of a Stabilization System 


for the Viking Rocket 
NOE.FELT, 


The G ies ‘ Martin Company, Baltimore, Md. 


Before we consider the Viking stabilization system in de- 
tail, let us first examine the general characteristics of the 
rocket. As shown in Fig. 1, the present Viking is :: cone- 
tipped cylinder approximately 42 feet long and ayproxi- 
mately 4 feet in diameter, having four removable delt: plan- 
form fins attached to the aft end of the body. It is apparent 
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from the diagram that the greatest portion of the vehicle 
is used to carry fuel for the liquid rocket thrust cylinder. 
This fact becomes even more evident when the 3000-Ilb 
weight of the empty rocket (including instrument payload) 
iscompared to the take-off gross weight (15,000 lb). Most 
of the NRL research instruments are carried in the forward 
instrument section. In addition, cameras are mounted in the 
tail section to photograph the earth from high altitude. 

The flight path of the Viking may be conveniently divided 
into three phases, as shown in Fig. 2. During the first phase, 
the 20,000-Ib thrust engine accelerates the rocket to a maxi- 
mum speed of approximately 4000 mph. Then the rocket 
wasts through the utter silence of the upper atmosphere, 
passes through its zenith, and returns toward the earth. 
Finally, the atmosphere is re-entered, and the vehicle enters 


ts final phase of flight. 
Stabilization 


In order that the NRL experiments be carried out success- 
fully, the automatic stabilization system must control the 
rocket’s attitude during the first two phases of flight. The 
problem is somewhat complicated by the variation of missile 
lynamics during flight. At take-off, the forward velocity 
sso low that aerodynamic forces are negligible, and the rocket 
ehaves as a pure inertia. As the speed increases, aero- 
namic forces become significant, and the equations of 
notion of the vehicle become more complicated. Later the 
ack of air at the upper altitudes reduces these forces until 
the rocket behaves as a pure inertia again. 

In the Viking, pitch is defined as motion in an N-S plane 
ibout a horizontal axis through the center of gravity of the 
reket. Yaw is similarly defined for motion in an E-W plane 
ind roll is rotation about the vehicle’s longitudinal axis. 

Since the control systems for pitch and yaw are identical, 
uly the pitch system will be discussed. 

The stabilization system may be divided into three sepa- 
rite subsystems—the motor control system, the aerodynamic 
rll system, and the hydrogen peroxide thrust reaction sys 
tm. The first two systems provide control during the major 


Automatic 


portion of the first phase of flight, while the latter system is 
employed for roll control at take-off and for three axis control 
luring the second phase of flight. 


Motor Control 


It was initially proposed that the control moments for 
titeh and yaw be obtained by the deflection of vanes placed in 
the jet stream. The chief advantage of this system was the 
experience obtained on the German V-2. However, the 
lsadvantages of this system became apparent when an in- 
vestigation of alternate control methods was conducted. 
When a gimballed motor system was compared with the jet- 
vane method, the following disadvantages of the latter system 
were discovered : 

1 A considerable weight penalty. 

2 A fairly lengthy development program. 

3 A decided question as to vane durability. 

4 A reduction of specific impulse due to vane drag in the 
etstream. 

A relative complexity of the jet-vane system. 

In addition, the adaptability of the gimballed motor 
ified greater promise for future developments. Conse- 
llently, the motor was mounted in a gimbal structure, and 
wntrol moments were obtained by deflecting the entire 
hotor. The method employed for motor deflection will be 
lscussed in conjunction with the description of the pitch 
vstem. 

The pitch control system (Fig. 3) comprises the pitch pick- 
iff of the vertical gyroscope, the pitch amplifier, anda packaged 
tut composed of an electro-hydraulie actuator and follow-up 
potentiometer. 
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Fig. 3 Motor control system 


If the pitch angle of the rocket differs from the gyro refer- 
ence angle, an error voltage appears at the output of the ver- 
tical gyro. For small error angles, the amplitude of this 400 
evcle voltage is directly proportional to the error angle. The 


gyro voltage is applied to the pitch amplifier where it is de- 
modulated, modified by lead circuits, and amplified to a level 
This latter 


sufficient to drive the pitch actuator (Fig. 4). 
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“Fig. 4 Electro-hydraulic servo 
unit comprises an electro-hydraulic transfer valve, a piston 
actuator, and a follow-up potentiometer. The error signal 
from the amplifier produces an unbalance in the current 
through the valve solenoids which results in movement of the 
valve spool. When the spool moves, the pressure and re- 
turn ports are uncovered and oil flows to the piston actuator. 
As the actuator moves the motor to obtain a corrective mo- 
ment, it simultaneously positions the follow-up potentiometer. 
The follow-up signal is then fed back to the amplifier so that 
the motor deflection is proportional to the error signal. 
The moment produced by motor deflection rotates the rocket 
until both the rocket and motor deflection angles are zero. 
If a moment exists because of an aerodynamic unbalance, 
the rocket flies with a slight error angle so that a counter 
moment is produced. 

Synthesis of the motor control system was done by the 
familiar frequency response method. This synthesis was 
based on the assumptions generally employed in servo- 
mechanism design. These assumptions are: 

1 The system may be completely described by a set of 
linear differential equations with constant coefficients. 

2 The system transfer function approaches a constant 
(or zero) as the complex argument s approaches infinity. 

3 There is no interaction between elements in the block 
diagram. 

4 The effect of external disturbances such as noise and 
load torques may be neglected. 

The transfer functions of system components in terms of 
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the Laplace variable are shown in Fig. 5. 
M-D represents the missile dynamics. 
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The block labelled 
No transfer function 


is shown in this block because the missile dynamics are not 
As previously mentioned, the missile behaves as a 
pure inertia at take-off and after it has left the atmosphere, 
while the dynamics are much more complicated when aero- 


constant. 


dynamic forces are present. 


Because of the wide variation 


of missile dynamics it was not possible to design the system 
for optimum performance at any one flight condition without 
programming changes in gain and/or lead circuits to provide 


stability at the other points. 


Since programming of system 


parameters was not considered desirable, a compromise de- 
sign evolved which provided adequate, though not optimum, 
stability for all flight conditions. 

System synthesis was further complicated by the manifes- 
tation of a severe vibration problem during vertical testing of 


Viking No. 1. 


It was discovered that the rocket body was a 


fairly efficient transmitter of the vibration of the motor’s 
gimbal structure at the latter’s resonant frequency. This 
vibration produced a gyro output signal which was fed back 
to the motor through the amplifier so that the original vibra- 
tions were re-enforced. The result was a rather violent 


vibration of the entire rocket. 


Considerable effort has been 


spent in the design of filters to minimize the chatter problem. 
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Fig. 6 Pitch control system compensated open loop response 


The transfer function of the existing filter is included in thy 
system block diagram. 

After adequate system stability was demonstrated by 
Nyquist criteria, transient analyses of system performance 
were conducted on automatic computers. The Nyquist 
diagrams are shown in Fig. 6, while a typical transient rp. 
sponse is illustrated in Fig. 7. 
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Fig. 7 Typical launch transient 


The major source of trouble during field operations has 
been the chatter problem just mentioned. However, : 
number of minor difficulties encountered in test and adjust- 
ment of the system have resulted in changes in the hardware 
An attempt has been made to select reliable components and 
noise-free tubes, and component packaging has been revised 
to increase serviceability and ease of assembly. 

The over-all performance of the pitch and yaw systems has 
demonstrated the soundness of the control method and the 
adequacy of the approach to synthesis. In no case has 4 
failure resulted because of erroneous initial assumptions or 
deficiencies in the design method. 

od _ Aerodynamic Roll Control 

At one time during the initial design, it was thought that 
control of roll rate, to 10 rpm or less, would be satisfactory 
However, NRL instrumentation requirements soon made it 
apparent that the rocket’s roll position would have to be held 
nearly constant. Consequently, roll control tabs were in- 
corporated in the design of two of the fins. 

The roll control system comprises the roll gyro, roll ampli- 
fier, roll transfer valve, and the tab actuators. System op- 
eration is similar to that of the motor control system in that 4 
roll error results in a 400 cycle gyro signal which is modified 
by an amplifier and then applied to a solenoid operated valve 
When the valve ports are opened, hydraulic fluid flows to the 
piston-type actuators which move the tabs. The tabs ar 
deflected so that a roll moment is produced which rotates th 
rocket back to the desired position. 

Since the design of the roll system was performed in t! 
same manner as that for the motor control system, a detaile 
consideration of the method will not be repeated here. 

In general, system performance has been satisfacto! 
There have been some difficulties with components whit 
have resulted in improved packaging and better adjustmet! 
procedures. However, as in the case of motor control, ther 
have been no failures due to erroneous initial assumptions 
faulty design methods. 


Hydrogen Peroxide Jet Control System 


The third system to be considered obtains contro] momen! 
through use of small thrusts jets. The thrust energy {0 
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these jets is furnished by catalytic decomposition of concen- 
trated hydrogen peroxide. This system is required for roll 
control at launch, when aerodynamic forces are near zero 
because of the small forward velocity, and for three axis con- 
trol after burnout when the rarefied atmosphere will not sup- 
port an aerodynamic system, 

let us first consider the operation of the pitch/yaw or 
tumble-jet system. When cutoff of the main thrust cylinder 
occurs, the contacts of the tumble-jet relays are energized. 
As shown in Fig. 8, the demodulated gyro output is applied to 
the tumble-jet circuit as well as to the motor amplifier at all 
times so the jet relays open and close in response to gyro 
signals. However, the jet valves are not actuated prior to 
cutoff because of the absence of voltage at the relay contacts. 
During the post cutoff period, closure of a jet relay applies 
voltage to the proper solenoid valve, and peroxide flows to the 
jet motor. The peroxide is then decomposed into steam and 
oxygen and exhausted through a nozzle to produce a correc- 
tive moment. 
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F Originally this system was designed on an REAC (Reeves 
Electronic Analog Computer) with the actual amplifiers 
and relays included in the loop. This approach was quite 
satisfactory from a design standpoint but was time-consuming 
and rather wasteful of the computing equipment. Con- 
sequently, several methods of analyzing nonlinear systems 
were investigated, and the results were compared with the 
REAC solutions. The most promising method uncovered 
todate is the phase plane approach. In this method a plot of 
velocity vs. the corresponding displacement defines a ‘‘phase 
plane.’’ With a little experience, it is possible to visualize 
the effect of parameter changes on system operation by study 


of the phase plane diagrams. As an example, let us consider 
the problem of determining the steady-state operation of the 
tumble-jet system. In Fig. 9 the pitch error angle is the 
abscissa and the pitch angular velocity is the ordinate. 
(Nondimensional variables have been employed to permit the 
use of a template for several different problems.) In general, 
relay dead-spot and hysteresis may be represented by a dead 
wne. In this particular system, the effect of the lead circuit 


Fig. 9 Typical phase plane plot 


Aueust 1955 


(Continued on page 399) 


is to modify the dead zone boundaries as shown. Since a 
constant corrective moment is applied when the jets are on, 
it may be shown that the descriptive point in the phase 
plane follows a parabolic trajectory during operation outside 
the dead zone. When the dead zone is entered, the correc- 
tive moment is removed, and the angular velocity remains 
constant. Consequently, the point in the phase plane fol- 
lows a straight line parallel to the horizontal axis. 

Let us begin our analysis at point A in Fig. 9. Since this 
point is outside the dead zone, the descriptive point follows a 
parabola until it reaches the boundary line at B. One would 
normally expect the relay to open at this point. However, 
second order effects shift the drop-out point back along the 
trajectory to point C. (This shift becomes negligible if the 
time interval from A to B is much larger than the time con- 
stant corresponding to the second break point of the lead 
circuit.) Then the descriptive point follows the parabolic 
trajectory for a short distance beyond the relay drop-out 
point because of the time delay between relay opening and zero 
thrust. When zero thrust occurs at point D, the descriptive 
point moves across a constant velocity line where it inter- 
sects the relay pull-in line at point E. Since the jet thrust 
does not build up instantaneously, the descriptive point con- 
tinues along the horizontal line to point F. Then, another 
constant acceleration trajectory is followed until the relay 
drops out again. This process continues until successive 
trajectories follow identical paths as indicated by G H I J. 
The steady-state amplitude may then be determined directly 
from the phase plane plot, and the period can easily be cal- 


- culated by transforming the equations of motion back into 


the time domain. 

It is possible to analyze transient performance on the phase 
plane, but the process is somewhat more complicated since, 
in general, accelerations are not constant. 

When the results of the phase plane analysis were com- 
pared with the REAC solution, it was found that the steady- 
state period and amplitude and the jet-on-time per cycle 
agreed within two per cent. 

Since the analysis of the roll-jet system is similar to that 
described for the tumble-jet system, a detailed description 
will not be presented. However, some significant differences 
in hardware will be mentioned. The vehicle dynamics and 
expected disturbances in roll require that two lead circuits 
and two jets be employed for each roll direction. The use of 
two lead circuits complicates the phase plane diagrams some- 
what; however, the results obtained were found to agree 
with the REAC solution with an accuracy comparable to 
that achieved for the tumble-jet system. 

Unfortunately, very little data have been obtained on the 
in-flight performance of the jet control system. During the 
early flights, when a similar system was employed, the power 
plant was cut off before the rocket left the atmosphere, so 
operation of the post cut-off system was severely hampered. 
Special experiments conducted on later models required the 
introduction of spin about the roll axis during the post cut- 

off period, so data on jet operation were again inconclusive. 
Fortunately there were no impediments present on the last 
two flights. All of the data have not been reduced, so a de- 
tailed comparison of actual and theoretical performance can- 
not be made. However, it may be said that the jet system 
performed approximately as expected. 

Present effort is directed toward increased reliability and 
repeatability of adjustments, since these items have been 
troublesome in the past. 


Conclusion 


The success of the Viking program has proved that the 
initial assumptions and design method are sound. However, 
practical problems encountered during operations have shown 
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: The rupture of temperature resistant materials, stressed 
: in combustion atmospheres, is reported for two cold- 
worked commercial alloys at temperatures between 920 
€ and 1150 C in a burning propane flame. Rupture times 

; of approximately 30 seconds to one hour were obtained, 
- covering a range of 10 stresses between 4300 psi and 9680 
psi. Data are compared with conventional stress-rupture 
and creep data, and are in general agreement. Experi- 
‘mental evidence is obtained indicating that the activation 
energy of the stress-rupture process (under the above 
conditions of heating and atmosphere) is not constant, 

_ and may be stress dependent. The power function of - 
stress term in the equation : 


is also shown to be slightly temperature dependent. 

It is concluded that the rate process equation may be 
useful in the interpretation of stress-rupture data but ex- 
trapolation is not accurate. 


Introduction 


HE application of rate-process theory to the high tem- 

- perature failure of metals by rupture, and creep, has been 
the subject of much research and interest. 

However, research in this laboratory was conducted in an 
effort to determine the effects of combustion atmuspheres on 
the rupture life of a stressed metal, when the metal is in the 
presence of, and heated by, a gas flame, with the products of 
combustion available for possible diffusion. 

The materials selected for the investigation were commer- 
cially available heat-resistant alloys, chromel and nichrome, 
of the following approximate compositions: chromel: 60 
nickel, 15 chromium, 22 iron, 1 silicon, and 0.6 manganese; 
nichrome: 80 nickel, 17 chromium, 1.3 silicon, 0.6 iron and 
0.6 manganese. 

Both materials were in wire form, 0.051 in. in diameter, and 
used in the cold-drawn (as received) condition without fur- 
ther heat treatment or annealing to emphasize any effects of 
prior cold-working. Room temperature tensile strengths 
were: chromel: 115,000 psi; nichrome: 107,400 psi. 


roceaure 


A sample of wis e3 in. long was gripped between small 
chucks and suspended horizontally over an adjustable labora- 
tory-type gas burner. One chuck was firmly anchored, and 
the other connected to a vertical static load by means of a 
lightweight. flexible table over a well-lubricated pulley. 
Rupture times were measured by a stop watch, started when 
the gas from the burner was ignited. Thus, each time ob- 
served in this report includes the time necessary to bring the 
specimen up to temperature, around 12 seconds. nae 


Rezeived October 20, 1954. 
1 Metallurgist. 
2 Numbers in parentheses indicate References at end of paper. 


396 


Rupture of Heat-Resistant 
Flame Gas Atmospheres 


| U. S. Naval Ordnance Test Station, Inyokern, China Lake, Calif. 


Temperatures were recorded by means of a chromel- 
alumel thermocouple spot-welded to each specimen, with each 
leg of the thermocouple '/; in. away from the plane of rupture, 
so that the break occurred between welds, eliminating the 
possible catalytic action of the thermocouple wires. 

By varying the gas volume as well as the distance from 
burner to specimen, the temperature of the wire could be 
varied from 900 C to 1150 C, approximately. The gas used 
in the burner was, by mass spectrometric analysis, 95 per cent 
propane and 5 per cent butane. Flame composition was 
never reducing and the wire was not allowed to enter the 
unburned portion of the gas. 

Each specimen was loaded statically before ignition. axi- 
mum recorded temperatures were reached within 12 seconds, 
after which inaccuracies were introduced because of thermo- 
couple contamination. Accordingly, the temperatures re- 
corded here are believed to be no better than +10 C of actual 
temperature, although spot checks with a standardized optical 
pyrometer, with corrections for emissivity based on the Wien 
equation, were within 5 C of the recorded temperature. 


Analysis 


It has been shown that stress rupture, as well as creep, of 
metals, appears to follow rate process law and, in general, to 
conform with the Arrhenius equation 


where k is usually a rate, or reciprocal of time, s is considered 
a constant, although slightly temperature dependent, £ is 
the energy of activation, R the gas constant, and 7 the ab- 
solute temperature. 

In the case of rupture, Equation [1] is 


where ¢ is the time to rupture, A is a constant, and Q the acti- 
vation energy. 

The value of the activation energy, or temperature co- 
efficient of the reaction, is determined empirically by plotting 
the logarithm of the reciprocal of time against the reciprocal 
of the absolute temperature on linear coordinate paper, the 
slope of the line formed being equal to Q/2.3R. 

Fig. 1 shows a typical plot of this type, for nichrome wire 
after rupture in the propane flame. This plot and others used 
for the determination of Q are lines constructed according to 
the “least squares’ method, and are lines of regression of X 
on Y, since the major errors are in the observation of tempera- 
tures. In all cases, the values of the correlation coefficients 
are from 0.94 to 0.99, and setting a confidence Jimit of 50 per 
cent, the probable error in the calculated activation energies 


_ reported herein is around 3 per cent. 


Fig. 2 shows a family of plots at 5 stresses, for chrome! wire, 
in which two definite slopes are noted (9). The variation in 
slopes is beyond the calculated error, and the value of Q for 
each stress is tabulated in Table 1. 
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Fig.1 Typical Arrhenius plot showing temperature dependence 
of nichrome at constant stress 
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Fig. 2. Family of plots showing temperature dependence at 
various stresses for chromel 


Stress, psi 


4300 
5380 
6455 
7700 
9680 


Table 1 Chromel wire 

Q, Keals 
34.8 
36.9 
48.1 
48.3 
47.1 
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Fig.3 Family of plots showing temperature dependence at | 
various stresses for nichrome 7 


Fig. 3 is a family of Arrhenius plots for nichrome, over a 
range of 10 stresses. Individual points have been omitted for 
the sake of clarity, but each slope represents a plot similar to 
Fig. 1. It is apparent that here, also, some change in slope 
occurs as the stress is changed. Values of Q for this material 
are shown in Table 2. 


Table 2 Nichrome wire 
Stress, psi Q, Keals © 
69.7 
76.1 
6310 
6600 78.8 
6780 76.0 
7250 
7910 76.4 
8380 76.1 
8860 73.8 


Both tables indicate changes in the value of activation en- 
ergy with stress; in the case of chromel, Q increases with 
- stress, but only to the extent that another value is reached 
which, over the range of stress applied, is relatively stable. 

This would suggest that over 6000 psi, the rate determining 
mechanism is of a different nature. 

In the case of nichrome, Q seems to fluctuate and then de- 

crease with increasing stress. It is interesting to note that 
Carreker (3), in his study of creep in platinum, shows a de- 
crease in Q for increases in stress, at various strain rates, but 
no increases. However, the alloys used here were not an- 
nealed, and the phenomena may be explained by de Bruyne’s 
(7) hypothesis that the relation between Q and stress may be 
dependent on the strain energy stored prior to rupture. 
The general rate equation 


for the conditions of the above experimental work, can be re- 
solved (8) empirically into 
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2 > where B is a constant, ¢ is the stress, and n is the stress ex- 
ponent, usually considered constant. However, Figs. 4 and 5 Table 3 Temperature dependence of stress exponent : 
ie show the relationship between stress and time at constant tem- a 
perature. Plots are seen to be linear, with the slope being Alloy Temperature, °K n 
equal to the value of n in Equation [4]. The relationship is Chromel Pay 1347 3 3.3 
CoM also slightly temperature dependent, in agreement with the a 7 1322 ; 3.1 
general preexponential constant in the Arrhenius equation. 4.8 
Even this slight variation is of some consequence, because of 4.5 
its value exponentially, as may be seen in Table 3. ~<a 
_ For comparison, Roberts (6) has found the value of n to a 
be between 3.5 and 4.2, in his studies of creep of magnesium, ponent and temperature was not linear. : 
ara 7 between 200 F and 500 F, although the relation between ex- Measurements of wire diameters at the location of rupture §) 
: did not change appreciably after rupture, so the stress approxi- 
ss mates a true, or constant, stress. Reductions in area were 
7 of the order of 3 per cent. This may have been due to the 
_ embrittling effects of the atmospheric contaminants. Figs. j 
a and 7 are typical microstructures of the alloys after exposure ) 
a to gases and stress. The effect of diffused gases may be seen 
t! 
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in the presence of voids and the failures are of the inter- 
ganular, or high temperature, type. 


It may be concluded that accurate extrapolation of data is 
not possible until further research discloses the relations be- 
tween stress and temperature, activation energy and stress, 
and the true meaning of the pre-exponential, if the rate equa- 


tion is used for the analysis of stress rupture under the condi- 


tions of atmosphere and heating described. 
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that more of the initial effort should have been spent on the 
development of simplified test procedures, easily serviced 
components, interchangeable units, and more reliable equip- 
ment. 

Although the stabilization system, in its present form, is 
capable of control within the required limits, continual effort 
is spent in improving system performance through the in- 
corporation of superior components and the application of 
advanced design techniques. The design has remained in a 
semi-fluid state throughout the program so that desirable 
changes could be incorporated. This philosophy is not only 
feasible but highly desirable in a program of this nature. 


Erratum 


The following sentence should be added to ‘‘Acknowledg- 
ment”’ in the paper, ‘‘A Combustor Analysis Method Evolved 
from Basic Flame Stability and Fuel Distribution Re- 
search,” by John W. Bijerklie, in the May 1955 issue of Jer 
PROPULSION: 


“The concepts for adaptation of fuel distribution methods 


to velocity profile are due in large part to Eugene B. Zwick, 
now of American Machine and Foundry Company, Turbo- 
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Detonation Waves' 


and RICHARD B. MORRISON: 


University of Michigan, Ann Arbor, Michigan 


ETONATION waves usually are classified with respect 
to the Chapman-Jouguet wave; i.e., a weak detonation 
wave indicates a final Mach number greater than 1, a Chap- 
man-Jouguet wave indicates a final Mach number of 1, and a 
strong wave indicates a final Mach number less than 1. 
Here, the final Mach number refers to the Mach number after 
the wave, measured with respect to the wave. It has always 
been a problem to classify the waves mathematically in such 
a way as to illustrate the above-mentioned distinctions in a 
simple manner. While a dimensionless heat release parame- 
ter seems the obvious parameter to use, the simplest dimen- 
sionless group, formed by dividing the heat released per unit 
mass by the product of a specific heat and temperature, gives 
no clue as to the limits imposed on the heat release and initial 
Mach number in the limiting case of the Chapman-Jouguet 
wave. Furthermore, the computations for the pressure, tem- 
perature, and density ratios across the wave are too involved 
using only this simple parameter. With these thoughts in 
mind, the following classification is proposed. 

Consider a standing wave with incoming velocity lU), 
pressure P,, temperature 7), and density p;, and outgoing 
velocity Us, pressure Ps, temperature 72, and density, po. 

Note that the results hold for a wave moving with velocity 
U,, into a medium moving at velocity U0, with final velocity 
U», if the following transformations are used. 


On the Classification of Normal 7 | 


THOMAS C. ADAMSON, JR.?, : 


First, the momentum equation can be written as follows 


Pi _ 
P, P, 


a; 


_ where a? = yRT = y(P/p) is the local speed of sound, and } 
is the ratio of specific heats. Also, since C,/R = y/(y — 1), 
the energy equation can be solved for a2? 


— U2? + 2Q).........2 


a? = a;* + 


Finally, the momentum and continuity equations can be 
solved for U, — U2; 
P, 

p2l’s pill 1 
After substituting Equation [2] for a,*, Equation [%] may 
be multiplied by U,, divided by a,?, and rearranged to give 
an equation in (U,? — U,U.). Thus 


Ui? — U,U2 _ (M,? — 1) 
(y + 1) 

Av Ql 

1* 4/1 — 
— 1)? 
where M = u/ais the Mach number. 

The minus sign can be ruled out by considering the case 
when Q = 0 (shock wave) and noting that the minus sign 


gives the trivial solution Uz = U; (no wave). 
If one defines, now, a heat release function 


Ua, Q) + 0/1 j 


U, =U, — U, 
Ur = Uy — 0: (Mit — 
Shoes : a eae Then, substitution of Equation [4] into Equation [1] yields 
 Cbaidibiiang the wave to be a discontinuity in the flow, ae eRe eT [4] into Equation [1] yiek 
the conservation equations written as simple difference equa- 


tions, and the equation of state supply the four equa- 
tions necessary to find the four unknowns, Ps, 72, p2, Us, 
in terms of the given quantities, P;, 7), o,, Ui, and Q, where 
Q is the heat released by the unburned mixture per unit mass. 


Momentum P, + = P» 
Ad 
CpT, + = 


Energy 


Ro 
p 


m 


State P = T = pRT 


Here, C> is the specific heat at constant pressure, m is the 
molecular weight, and Ry is the universal gas constant. For 


simplicity, Cp and m are assumed constant through the wave. 
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* Associate Research Engineer, Aircraft Propulsion Labor- 
atory; Lecturer, Department Aeronautical Engineering. 

3 Supervisor, Aircraft Propulsion Laboratory; Assistant Pro- 
essor, Department Aeronautical Engineering. 


This relation can be checked by comparing it with normal 
shock wave theory; in the case of a shock wave, Q = 0, 90 
that f = 0 and F = 2, which gives the correct result. More 
significant is the fact that f = 1 gives the relationship be- 
tween M, and Q for a Chapman-Jouguet detonation wave, 
which can be seen either by going through the previous de- 
rivation for — U,U2) with = ae, or by solving direct 
for the Mach number of a Chapman-Jouguet wave in terms 
of the heat release. The strong detonation wave then corre- 
sponds to0 <f<1l,orl1<F <2. 

The density ratio can be found bys using the continuit 
equation. Thus 


pz U;? 1 
U2 


[8] 


which can be written in the desired terms using Equations 
[4] and [5]. 

Also, the temperature ratio can be found using the equation 
of state and Equations [7] and [8]. 


(Continued on page 403) 
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let Propulsion News 


NEW official transcontinental (L. A. to N. Y.) speed 


Thunderstreak at 652 mph. The 2463 mile course was com- 
pleted in 3 hr, 46 min. 


@ Republic Aviation is to develop a photo-reconversion of the 
F-105 advanced fighter-bomber. 


@ The Comet Mark 4 is the latest version of the British jet 
airliner. The new Comet is equipped with Ra 29 Rolls 
Royee engines and incorporates structural and design im- 
provements, has 10% more range than the Mark 3, and will 
beable to carry 58 passengers on the London-New York run 


at better than 500 mph. 


@ Experimental tailpipe thrust augmentor will be fitted on 
Canadian Avro CF-100. New augmentor with Marquardt 
variable area nozzle will up power around 15 per cent. A 
new Avro craft, the CF-105 long-range interceptor is soon to be 
tested. Power for the 105 comes from the PS-113 Super 
Orenda turbojet now being tested. Thrust is expected to be 
inthe 18,000—-25,000-lb thrust range. 


AVRO Canada 
CF-100 heads upstairs 


@ Jet engines are playing a new role in aviation. Solar Air- 
craft has pod-mounted its Mars turbojet engine to generate 
30 kw DC or 40 kva AC at 25,000 ft for the Convair C-131B 
fying electronic laboratory. Mars develops 50 hp, weighs 
oly 100 Jb, is smaller than a two-foot cube, and operates at 
40,000 rpm, 


record was set by the U.S.A.F. in a Republic F-84F 


Saab 29 jet fighter 


@ The Swedish Air Force fighter Saab J29 recently set a closed 

course speed record of 560 mph. A de Havilland Ghost 

turbojet engine of 5000-lb thrust gives the plane a top speed 

of about 660 mph. The J29 was the first European swept- 
wing jet fighter in mass production. Saab 32, a new Swedish 
_ fighter, has exceeded the speed of sound in recent tests and is 
quantity production. 


Svenska Aeroplan 
Saab 32 all-weather jet 


: e Jet engines are propelling test ‘“‘cars’’ in tests conducted by 


All American Engineering Co., Sussex County Airport, 
Georgetown, Del. Used in development of aircraft arresting 
gear, the car is held captive to a 5000-ft concrete track. 


@ A new turbojet engine, the J73 rated at 9000-lb thrust, was 
announced by G-E. The J73 is a “cannular’’ engine of a 
single combustion space containing ten individual “cans.” 
A two-stage turbine is directly connected to the compressor. 
Basic engine control comes from a hydraulic system. Oil is 
cooled by engine fuel. Dimensions: diameter, 36.75 in; 
length, 148 in. Meanwhile, G-F has revealed its new fuel 


Lvrror’s Nore: The information reported in this Section has been selected from approved news releases originating with the Depart- 
nent of Defense, private manufacturers, universities, etc., and from published news accounts in journals and newspapers. The reports 
‘te considered generally reliable, although no attempt has been made to verify them in detail. 
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pump which can feed 86 gpm of jet fuel into the afterburner of 
the J47-33 turbojet. Driven by air from the main turbine, 
the pump is mounted inside the fuel tank and is smaller than 
a swivel-top vacuum cleaner. 


The Research Scene bed 
ETECTION of the jet stream, at altitudes of 25,000- 
40,000 ft, is to be studied by the Cornell Aeronautical 

Laboratory of Buffalo, N. Y. Installation of electrostatic 

measuring equipment is to be made in high-flying aircraft to 

check the hypothesis that the jet stream carries a net electri- 

cal charge. Other Cornell projects currently include flight 


studies of the F-100 at supersonic speeds and wind tunnel 


@ The Department of Defense has established a Titaniyn 
Metallurgical Laboratory under contract with the Battelle 
Memorial Institute, Columbus, Ohio. The laboratory yijj 
provide a source of technical information on titanium pro. 
duction and application. 


@ Ceramic fibers, known commercially as Fiberfrax, are to be 
manufactured by the Carborundum Co., Niagara Falls, N, Y. 
Blown from molten aluminum oxide and silica, Fiberfrax is g 
cottonlike mass of extremely small fibers which remain stable 
at temperatures up to 2300 F. A wide variety of forms js 
available. 


e A solid propellant charge provides power for personnel seat 
capsule ejections in a new design by Reaction Motors. Down. 
ward catapult tests are to be made from a B-47 bomber 


Por 


MOJAVE MARVEL 


= = 


U.S. Navy 
Lay of the land... U. S. Naval Ordnance Test Station is shown 


here in relief. Located 160 miles N. E. of Los Angeles in 
Mojave Desert at China Lake, NOTS has an area of over 1000 
square miles. Other NOTS installations are located at Pasa- 
dena, Long Beach, and San Clemente Island. Established in 
1943, the mission of NOTS is to develop and test rockets and 
guided missiles. The China Lake community now numbers 
more than 10,000. 


U. S. Navy 


High altitude chamber . . . Environmental testing of rockets and 
components is carried out at the Michelson Laboratory, the 
research center of NOTS. It is equipped for basic and applied 
research in physics, chemistry, aerophysics and ballistics, pro- 
pulsion, fire control and guidance. 
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U. S. Navy 


Tim tears target... On free-flight projectile range rockets such 
as the ‘‘Tiny Tim”’ 11.75-in. air-to ground rocket are given tests. 
Tim, Mighty Mouse 2.75-in. air-to-air rocket, and RAM, 6.5-in. 
air-to-ground rocket, were developed here. 


U.S. Na 


SNORT ... Built to bridge the gap between wind tunnel and 
free-flight testing is the new Supersonic Naval Ordnance Re- 
search Track at China Lake. Ruggedly built, it affords intact 
recovery of test items and has instrumentation approaching 
laboratory conditions. 
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(Continued from page 400) 


Finally, the Mach number behind the wave can be com- 
puted by rearranging Equations [4] and [5]; thus 


U;2 — U,U2 (M,? — 1) 


& | 
a (y +1) 
so that 
T.\'/2 F 1) 
M: = (7) ! 


Substitution of the equation for the temperature ratio gives 


U. S. Navy 


Slamming stop . . . . Rocket-propelled sled is slowed down by 
water brake at the end of atestrun. A 10,000-ft long graduated 
depth water brake trough allows decelerations of 5-30 g’s. 


U.S. Navy 


SNORT in action .. . Secondary firings of projectiles are possible 
as shown in drawing of small plane facsimile firing missiles. 
Test carriages plus payloads of 200—20,000 Ib are accelerated to 


Speeds of 1000-3500 fps by combinations of rocket — 


Accelerations of 10-100 g’s are possible. 
Avaust 1955 


On the Classification of Normal Detonation Waves 7 oe 


7 


should read on! [ 
dz 


the desired results. 


follows 
(y + 1) 
(y+1) M? 


where f = 0, or, F = 2 for a shock wave; f = 1, or F = 1, 
for a Chapman-Jouguet detonation wave; and 0 < f < 1, or 
1 < F < 2 corresponds to a strong detonation wave. It can 
easily be shown that f > 1 corresponds to a weak detonation 
wave, that case where the heat added must bring the Mach 
number behind the wave to a supersonic value. This impos- 
sible solution is predicted by the previous equations since 
for f > 1, F isimaginary. The solutions for f < 0 (M,; < 1) 
would hold for a deflagration where the flame is thin enough 
to be considered as a discontinuity, or where the pressure, 
temperature, density, and velocity are measured far enough 
in front of and behind the flame so that no gradients exist 
at these points. 


— 1) + (vy +1) 


Errata 


1 “Unconditional Stability of Low-Frequency Oscillation 
in Liquid Rockets,” by Sin-I Cheng, September-October 1954 
issue of JET PROPULSION: 

(a) Equations [15] should read: 


N, = N,,(3/2 + 2K + H) + N,,0/2 — 2K — H) 
— K(N,, — N,;) cosw — K(N,, — Nj,)wsin 
N; = + 2K + H) + — 2K — 


+ K(N,, — N,,) sin w/w — K(N,. — Nj,)o sino 


(b) In Equations [19] and [20], 3K should be replaced by 
—K, and —2K should be replaced by +2K. 


2 ‘Low-Frequency Combustion Stability of Liquid Rocket 
Motor With Different Nozzles,” by Sin-I Cheng, April 1955 
issue of JeT PROPULSION: 

(a) The constant g in the expression of 6g following Equa- 
tion [2.1] should be deleted. 

(b) In Equation [3.4], —2K should be +2K, and +2K 
should be —2K. 

(c) In Equation [3.8] the operator should read 


d 
dz 


6 
1 - +b 
» « 


dz 


m (2K + H + 1/2) wlz — 8) — (2K — "/2 + Hufz — 8) 


(d) Equation [3.9] should read 


d 


d 


P= 6, following Equation [3.9] 


(e) The expression for b 
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‘TQ THE FINE ENGINEERING MIND 
SEEKING THE CHALLENGING PROJECTS IN 


AIR CONDITIONING 


AIR CONDITIONING DESIGN AND DEVELOPMENT ENGINEERS 
are offered special career opportunities now at Convair in cool, beautiful 
San Diego, California. Experience should be in the areas of air turbine 
motor installation, gas turbine compressor installations, and general air con- 
dition systems for military and commercial airplanes including cabin super- 
chargers, refrigeration packages, heat exchangers, water separators and high 
and low pressure ducting. 


CONVAIR offers you an imaginative, explorative, energetic engineering 
department to challenge your mind, your skills, and your abilities in solving 
the complex problems of vital, new, immediate and long-range programs. 
You will find salaries, facilities, engineering policies, educational opportuni- 
ties and personal advantages excellent. 


SMOG-FREE SAN DIEGO, lovely, cool city on the coast of Southern 
California, offers you and your family a wonderful new way of life...a way 
of life judged by most as the Nation’s finest for climate, natural beauty, and 
easy (indoor-outdoor ) living. 


Generous travel allowances to engineers who are accepted. Write at once 
enclosing full resume to: 


H. T. Brooks, Engineering Personnel, Dept. 1408 


CONVAIR 


A Division of General Dynamics Corporation 
3302 PACIFIC HIGHWAY rs SAN DIEGO, CALIFORNIA 


YY 


STATHAM UNBONDED 
STRAIN GAGE TRANSDUCTION 


MINIMUM RESPONSE TO 
VIBRATION OR ACCELERATION 


TEMPERATURE COMPENSATION 
OVER 315 F. INTERVAL 


20 MILLIVOLTS 
AT S&S VOLT EXCITATIO 


PRESSURE ADAPTERS 
FOR CLOSED LINE APPLICATIONS 


HOMOGENEOUS SENSING 
DIAPHRAGM SURFACE 


NO EPOXY 
RESIN PRESSURE SEALS 


MAXIMUM LINEARITY 


ABSOLUTE PRESSURE 
0-5 to 0-150 PSIA.. . MODEL P130 


DIFFERENTIAL PRESSURE 


+2.5to + 25 and 0-5 to 0-150 PSID...MODEL P1 


GAGE PRESSURE 
0-5 to 0-150 PSIG. .. MODEL P132 


BULLETIN MPT-1 


contains complete specifications 
on the foregoing 
pressure transducer models. 


All matters pertaining to sale or use of 
instruments of our manufacture 
are handled by engineering personnel 
directly from our Los Angeles plant. 


Please feel free to wire or 
telephone us collect whenever we 
may be of service. 
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Two-stage power jets and increased flame 
propagation for helicopters (2,710,067 ). 
Kazimir M. S. del Pesaro, Bronxville, 
N. Y., assignor to Jet Helicopter Corp. 


Control of propeller-driving gas turbine 
engines (2,710,068). Wm. H. Lindsey 
and Edwin G. Caswell, Coventry, Eng- 
land, ussignors to Armstrong Siddeley 
Motors, Ltd. 

Nozzle box attachment (2,710,503). Win- 
nett Boyd, Bobeaygeon, Canada, assignor 
toA. V. Roe Canada, Ltd. 


Gas turbine tail cone (2,710,523). Joseph 
Thompson Purvis, Toronto, Canada, 
assignor to A. V. Roe Canada, Ltd. 

An inner skin slotted axially from a 


lip sliding in a groove to accommodate 
dreumferential expansion and contraction 
of the skin. 

Zonal spray combustion chamber for 
rockets and rocket craft (2,709,887). 
Robert H. Goddard, deceased, late of 
Annapolis, Md., by Esther C. Goddard, 
exeuctrix, Worcester Mass., assignor 
to The Daniel and Florence Gugzenheim 
Foundation. 

Spherical combustion chamber fed by 
sets of ports placed in planes parallel to 
the chamber axis. Means for reducing 
the feeding pressure of each set of nozzles 
in proportion to their distance from the 
closed end of the chamber. 


Variable area nozzles for jet propulsion 
systems (2,709,888). Raymond Holl and 
Wm. Deacon, Leicester, England, as- 


| signors to Power Jets (Research and 


Development) Ltd. 


Gas turbine using revolving ram jet 
burners (2,709,889). Wadsworth W. 
Mount, Summit, N. J. 

Turbine driven by the exhaust from a 
ram-jet motor on the periphery of a power- 
generating wheel for rotating a power 
output shaft and an air compressor. 


Control system for rocket motor (2,- 
711,751). Henry L. G. Sunley, Coventry, 
England, assignor to Armstrong Siddeley 
Motors, Ltd. 


Aircraft and armament therefor (2,- 
709,947). Robert J. Woods, Grand Is- 
land, N. Y., assignor to Bell Aircraft 
Corp. 

Retractable rack for launching rockets, 
the tubes arranged for selective firing 
from any tube. The rack may be moved 
from a stowed position and disposed 
entirely in the airstream next to the body, 
to be clear of the body portion for in- 
creased aerodynamic drag effects. 


Remote control system with position in- 
dicating means (2,709,773). Ivan A. 
Getting, Belmont, and Lee L. Davenport, 
Cambridge, Mass., assignors to the War 
Dept. 

A remote control system for controlling 
the movement of aircraft, and detection 
Means coupled to frequency circuits for 
tendering the circuits selectively operative. 


Flame tube structure for combustion 
equipment of gas-turbine engines (2,- 
709,894). George Oulianoff and Jeffrey 
Evans, Alvaston, England, assignors to 
Rolls-Royce, Ltd. 


0 
ry 


2,710,503 


x) 


2,709,887 


2,709,894 


George F. McLaughlin, Contributor | 


Mechanism for intermittent feeding of 
combustion liquids to a combustion cham- — 
ber in propulsion apparatus (2,709,890). 
Robert H. Goddard, deceased, late of | 
Annapolis, Md., by Esther C. Goddard, 
Executrix, Worcester, Mass., assignor 
The Daniel and Florence Guggenheim 
Foundation. 

Method of feeding liquid fuel under 
pressure so that periods of liquid flow 
and flow interruption are equal and of | 
brief duration. 

Valveless resonating jet motor (2,709,891 ). 
James Y. Dunbar, Wm. Schubert and 
Norman R. Hussey, U.S. Navy. 

Resonant fluid housing forming an 
acoustic cavity for a standing wave, and 
an open conduit for a fluid stream. The 
housing has a fluid discharge opening 
which locates a velocity antinode of the 
adjacent standing wave. 

Heat transfer system for aircraft deicing — 
and rotating electrical equipment cooling © 
(2,709,892). Cecil G. Martin, Bedford, 
Ohio, assignor to Jack & Heintz, Inc. 

Rotating electrical machine carried by 
the housing of an aircraft jet engine having 
a heat transfer system with a conduit to a 
liquid coolant system for conveying heat 
caused by losses of the electrical machine 
in operation. 

Gas turbine apparatus (2,711,070). 
Frederick W. Henning, Springfield, Pa., 
assignor to Westinghouse Electric Corp. 

Turbojet power plant with fuel injec- 
tion device mounted on a hollow fairing 
cone spaced within the combustion cham- 
ber to form a diffuser passage for a high 
velocity air stream. 

Arrangement for starting a prime mover 
by independently driven lubricating pump 
(2,711,071). Adolph Frankel, Rugby, 
England, assignor to The English Electric 
Co. 

Combustion chamber fairing (2,711,072). 
John M. Wetzler, Indianapolis, Ind., 
assignor to General Motors Corp. 

Spaced burners extending axially of the 
annular casing passages between rows of 
flow plates dividing the inlet portion into 
compartments each containing one burner 
and simulating separate combustion cham- 
bers. 

Fuel metering apparatus for speed control 
of gas turbine engines (2,711,073). Allen 
S. Atkinson, Silver Spring, Md., assignor 
to one-half to Daniel G. Russ, South 
Bend, Ind. 

Aft frame and rotor structure for 
gas turbine (2,711,074). Alan Howard, 
Schenectady, N. Y., assignor to General 
Electric Co. 

Rocket engine (2,711,629). 
Schapker, Cincinnati, Ohio. 

Turbine shaft extending into a rocket 
engine to drive auxiliaries arranged co- 
axially with the shaft. 

Rockets (2,711,630). Sylvester Clyde 
Lehman, New York, N. Y. 

Method and means for increasing airplane 
pilots’ resistance to acceleration forces 
(2,707,087). Wm. A. Bradley, North 
Wales, and Reuben Flanagan Gray, Levit- 
town, Pa. 


Richard L. 


Eprror’s Norte: The patents listed above were selected from recent issues of the Official Gazette of the U. 8. Patent Office. 
Printed copies of patents may be obtained at a cost of 25 cents each, from the Commissioner of Patents, Washington 25, D. C. 
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News. 


Boston Sees Nike: Courtesy of ARS 


Two soldiers from the 514th Anti-Aircraft Missile Battalion, Squantum, Mass., discuss 
features of a Nike missile with (left to right) James J. Harford, ARS executive secretary; 
Richard W. Porter, president; Ray Minichiello, chairman for ARS of Boston meeting; 


and Noah S. Davis, vice-president. 
throughout meeting. 


New Eng 


land Section 


Missile was on display in lobby of Hotel Statler 


Chartered at Boston Meeting 


LINCOLN JEWETT of Arthur D. 

* Little, Inc., Cambridge, Mass., 

received the charter for the newly estab- 

lished New England Section from national 

president Richard W. Porter at a dinner 

meeting in Boston on June 22. Jewett is 
president of the Section. 

Toastmaster for the dinner, which fea- 
tured ARS participation in ASME’s Semi- 
Annual Meeting, was Frederick C. Durant, 
III, also of Arthur D. Little and president 
of the International Astronautical Federa- 
tion. 

Durant introduced Paul E. Sandorff, as- 
sociate professor of aeronautical engineer- 
ing at Massachusetts Institute of Tech- 
nology, the main speaker. 


Satellite Launch from Aircraft? 


At the dinner meeting, Prof. Sandorff 
outlined the advantages of using manned 
high altitude aircraft as a launching 
platform for a satellite rocket. San- 
dorff says that a two-stage, aircraft- 
launched rocket would have a 60 per cent 
chance of getting into a satellite orbit, while 
the all-rocket combination would only be 
35 per cent. Cost, too, favors the use of 
aircraft; the all-rocket design would be 
about $170 million for 10 satellites, while 
the same number of aircraft-launched 
rockets would run about $48 million (plus 
aircraft operation cost, etc.). Sandorff 
concludes that while the unmanned satel- 
lite is near, the manned space station is not 
now economically or militarily feasible. 


ARS arranged two technical sessions at 
the meeting, as well as cosponsoring two 
sessions organized by ASME’s Aviation 
Division. 


Liquid Hydrogen Tamed 


The properties of hydrogen and newer 
methods of liquefaction, storage, and field 
use were reviewed by A. Pastuhov and C., 
L. Jewett, Arthur D. Little, Inc., Cam- 
bridge, Mass. The spontaneous com- 
bustion of oxygen-hydrogen mixtures and 
the effect of the ortho-para hydrogen con- 
version were treated. A production pilot 
plant (low pressure) and roadable, re- 
frigerated Dewar system (530-gal ca- 
pacity) was described. Although experi- 
mental liquid hydrogen rocket systems 
have been in operation for several years, 
the newer techniques being evolved may 
allow much wider and safer rocket usage. 


Static Testing 


Measuring the combustion time lag in 
a lox-alecohol rocket motor at Princeton 
was described by Luigi Crocco, Jerry 
Grey, and George Mathews. A flow 
modulating unit in each propellant line 
allowed the phase angle between the two 
propellant flow rate oscillations at the 
injector to be varied. The mean total 
time lag dropped asymptotically from 6 
msec to 2 msec as the modulating fre- 
quency increased from 40-220 eps. 

High frequency response instrumenta- 
tion for measuring chamber pressure and 


thrust was described by Jack Buchanan, 
Thiokol Corp., Huntsville, Ala. Short 
burning time solid propellant rockets 
have imposed test problems with regard to 
accuracy and precision of static tests, 
Buchanan discussed how these problems 
are being solved with recording equip- 
ment, timing systems, amplifiers and 
couplers, digitalization, calibration, trans- 
ducers, and data reduction. Precision in 
testing will have to keep pace with rocket 
performance tolerances which are ap- 
proaching 1 per cent. 


Systems Evaluation 


Low frequency oscillations (‘‘chugying” 
of liquid fuel rocket systems were ex})l2ined 
by using a feedback-system concept where 
the dynamics of the fuel supply system is 
an important factor. Y.T. Li of \Massa- 
chusetts Institute of Technology discussed 
the stabilization of such low-frequency 
oscillations. Two fuel line stabilizers— 
one a rate-type, the other an inertia-t ype— 
were suggested for possible experimental 
evaluation. 

In the design of turbine blades, the in- 
fluence of rotor speed on torsion frequen- 
cies is important. C. E. Danforth, Gen- 
eral Electric Co., Evendale, Ohio, evalu- 
ated this parameter and found that when 
the blade thickness dropped below 10 per 
cent of the chord (with a tip speed of over 
1000 ft/sec), the torsional frequency 
change is significant. The latter item is 
most useful in evaluating fatigue and char- 


acteristics of present systems. 
| 


T the June 22 Board of Directors Meet- 

ing at the Hotel Statler in Boston, a 

Committee on Monopropellant Test 
Methods was approved. 

Purpose of the committee will be, ac- 
cording to its Operating Procedures, to 
“concern itself with recommendation to 
the rocket industry and related industires 
of equipment and methods to be used for 
the determination of characteristic prop- 
erties of liquid monopropellants.”’ 

President Porter designated the follow- 
ing as members: 


Three-Year Term: H. F. Calcote, Ex- 
periment, Inc.; J. P. Thackeray, Aerojet- 
General Corp.; W. B. Moen, Air Redue- 
tion Co.; P. F. Winternitz, New York 
University. 


Board Authorizes 
Monopropellants 
Committee 


Two-Year Term: L. L. Rapp, Reaction 
Motors, Inc.; P. M. Terlizzi, Naval Air 
Rocket Test Sta.; J. H. Keefe, Becco 
Chemical Div., Food Mach. and Chem 
Corp.; W A. Cuddy, Wyandotte Chemicals 
Corp. 


One-Year Term: I. Glassman, Princeton 
University; D. D. Thomas, Mathieson 
Chemical Corp.; C. H. King, Jr., United 
Aircraft Co.; F. S. Forbes, Wright Air 
Devel. Command. 
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ROSCOE MOORE, president of 
* Northwestern University, will wel- 
come registrants at the first session of the 
ARS-Northwestern Technological Insti- 
ture Gas Dynamics Symposium, to be held 
August 22-24 on the Evanston, IIl., 
campus. 
Also greeting the session will be Richard 
W. Porter, ARS president. 
The program consists of 25 papers in 


Northwestern President to Open 
Gas Dynamics Symposium, Aug. 22-24. 


four sessions, as well as three informal 
luncheons and a banquet on August 23. 
H. Guyford Stever, Chief Scientist, USAF, 
will be the banquet speaker. 

Theme of the Symposium, which is 
scheduled to convene biennially, is “‘Aero- 
thermochemistry.” This first Symposium 
is being conducted with the co-operation 
of the Office of Scientific Research of the 
Air Research and Development Command. 


Program of Gas Dynamics Symposium 


Objectives 


HE first Symposium on Gas Dynamics 

sponsored by the AMERICAN ROCKET 
SocreTy and Northwestern University will 
have as its theme the subject of Aero- 
thermochemistry. The papers to be pre- 
snted will cover engineering research in 
this field with extension to fluid dy- 
namics, chemical kinetics, and thermody- 
namics. The contributions are unclassi- 
fied and should be of interest to all con- 
cerned with basic problems allied to 
rocket and jet propulsion as well as to high- 
speed combustion in general. 

Abstracts of the papers to be presented 
at the Symposium will be compiled and 
willbe available at the time of registration. 
It is planned that the papers and their 
pertinent discussions will be brought to- 
gether after the Symposium in a volume of 
proceedings. 4 


Registration 


A form for advance ssaiaiitathiie has 
been mailed to all members. Prospective 
registrants are urged to complete this and 
return it at their earliest convenience. 
Early mail registrations will be assured of 
housing. 

A rezistration fee of $5 will be charged 
each registrant, which will entitle him to 
attend all sessions and obtain copies of 
meeting materials. Authors, session chair- 
men, and families of registrants will not be 
asked to the pay the registration fee. 

Completion of registration and alloca- 
tion of University housing will take place 
after arrival at the Technological Insti- 
tute. The registration desk in the main 
lobby of the Institute will be open from 
2:00 p.m. to 7:00 p.m. on August 21 and 
again starting 8:00 a.m., August 22. 


Transportation 


The Technological Institute can be 
reached conveniently from air and railroad 
terminals in Chicago and by Chicago & 
Northwestern Railroad in Evanston. Di- 
rect limousine service to Evanston isavaila- 
ble from the airport. Those traveling by 
train and arriving in Chicago can take 
Chicago Rapid Transit Systems (Subur- 
ban-Elevated) to Howard Street and then 
ride to Noyes Street Station in Evanston. 
The Technological Institute is located on 
Sheridan Road at the corner of Noyes 
Street, two blocks east of the Elevated 
station. 
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Symposium Headquarters 


The symposium headquarters will be the 
Departmental Office of the Department of 
Mechanical Engineering, Room 280. The 
telephone is UNiversity 4-1900, Exten- 
sions 299 or 220. Correspondence should 
be addressed to: Gas Dynamics Sym- 
pesium, Department of Mechanical Engi- 
neering, Northwestern Technological In- 
stitute, Evanston, III. 


Housing 


Although space is limited, it is believed 
that all registrants who wish can be housed 
in modern University dormitories adjacent 
to the Technological Institute. A package 
price of $20 has been set to cover the period 
of the Symposium. This includes dormi- 
tory room starting Sunday, August 21, with 
meals starting at breakfast on August 22 
and running through lunch on August 24. 
The banquet scheduled for August 23 is 
also included. Those who wish to avail 
themselves of the dormitory restaurant 
facilities only, may use these on a per meal 
basis. Arrangements can be made for 
spending the night of August 24 in the 
dormitories at $3 per person, European 
plan. 

Registrants desiring hotel accommoda- 
tions and those accompanied by families 
should make reservations directly with 
any of the following Evanston Hotels: 
Georgian, North Shore, Orrington, Home- 
stead, or Library Plaza. 


Entertainment 


Evanston, on the shore of Lake Michi- 
gan, offers many opportunities for fun and 
relaxation. Registrants who wish to com- 
bine their scientific pursuits with a vaca- 
tion may bring their families. Informal 
entertainment can be made available 
for families, such as swimming at the 
private beaches of Northwestern Uni- 
versity and visits to the many places of in- 
terest, such as the Museum of Science and 
Industry, the Adler Planetarium, the 
Chicago Art Institute, concerts, plays, 
and musicals. Baby sitting can be ar- 
ranged for upon request. 

A banquet is planned for Tuesday 
night, August 23. It is hoped that regis- 
trants and the adult members of their 
families will attend the banquet. The cost 
of the banquet (for those not using the 
room-and-board package plan) is $3.75 
per person. 


Symposium Committee 


Noah §. Davis, Jr., Becco Chemical 
Div., Food Mach. and Chem. Corp. 

Andrew G. Haley, Haley, Doty and 
Wollenberg 

James J. Harford, American Rocket So-— 
ciety 

Burgess H. Jennings, Northwestern Tech-— 
nological Institute 

Layton C. Kinney, 
Foundation 

Donald H. Loughridge, 
Technological Institute 

Martin Summerfield, Princeton University | 

Ali Biilent Cambel, Northwestern Tech- — 
nological Institute 
The program follows: 


Armour Research 


Northwestern 


MONDAY, AUGUST 22, 1955 
9:00 a.m. Session 1 


TURBULENT COMBUSTION 


Chairman: Ali Biilent Cambel, North-— 
western Technological Institute 

Welcome: J. Roscoe Miller, President, 
Northwestern University 

Opening Remarks: Richard W. Porter, 


President, American Rocket Society 


Status of Research on the Physics of Turbu- | 
lent Combustion in Premixed Gases, by 
Martin Summerfield, Princeton University 

Mathematical Theory of Turbulent Flames, 
by J. M. Richardson, Ramo-Wooldridge — 
Corp. 

An Investigation of the Burning Rates of | 
Confined Turbulent Flames, by J. J. 
Zelinski, W. T. Baker, L. J. Mathews III, 
and E. C. Bagnall, The Johns Hopkins — 
University 

Diffusion Flames, by Itsuro Kimura and 
Seiichiro Kumagai, University of Tokyo 


12:30 p.m. Informal Luncheon 
1:45 p.m. Session II 

FLAME STABILIZATION 
Chairman: Arch C. Scurlock, Atlantic Re-— 


search Corp. 

Experiments Concerning the Mechanism of 
Flame Blow-Off from Bluff Bodies, by 
Edward E. Zukoski and Frank E. Marble, 
California Institute of Technology 

Studies of Flow and Mixing in the Recircula- 
tion Zone of Baffle Type Flameholders, by 
A. A. Westenberg, W. G. Berl, and J. L. 
Rice, The Johns Hopkins University 

Aerothermochemical Aspects of Flameholder 
Performance, by John W. Bjerklie, Mar- 
quardt Aircraft Co. 

Combustion Performance on Baffle Type 
Flameholders Located in Jet Engine Dif- 
fusers, by Edward P. French, Marquardt 
Aircraft Co. 


TUESDAY, 
9:00 a.m. 


AUGUST 23, 1955 


Session III 


DETONATION AND 
THERMODYNAMICS 


Chairman: Vincent J. Cushing, Armour Re- 
search Foundation 


Considerations for the Attainment of a Stand- 
ing Detonation Wave, by J. Rutkowski and 
J. A. Nicholls, University of Michigan 

Review of Recent Work on Strong Shock 
Waves Done At Cornell University, by R. 
M. Patrick and A. Kantrowitz, Cornell 
University 

Total Entropy Production in Chemically Ir- 
reversible Processes, by Shao-Lin Lee and 
John F. Lee, North Carolina State College 

Some Thermodynamic Properties of C, 
Air Combustion Gases, by H. N. Powell 
and S. N. Suciii, General Electric Co. 


12:30 p.m. Informal Luncheon 
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Session IV 
LAMINAR FLAMES 


i Chairman: B. H. Jennings, Northwestern 
Institute 


1:45 p.m. 


gation, by S. S. Penner, California Insti- 
tute of Technology 

An Analysis of Flame Propagation Based on 
Simplified Reaction Kinetics, by E. Mayer 
and H. Carus, Arde Associates 

Burning Velocities by the Bunsen Burner 
Method, by J. M. Singer, Joseph Grumer, 
and FE. B. Cook, U. S. Bureau of Mines 

Study of Pressure Dependence of Burning 
Velocity by the Spherical Vessel Method, 
by John Manton, B. B. Milliken, U. S. 
Bureau of Mines 

Studies of the Ignition of Gaseous Hydro- 
carbons, by C. F. Mozer and R. K. 
Sherburne, New Mexico College of Agricul- 
ture and Mechanic Arts 


7: 00 p.m. 
Speaker: 
USAF. 


WEDNESDAY, AUGUST 24, 1955 
9:00 a.m. 


Symposium Banquet 
H. Guyford Stever, Chief Scientist, 


Session V 
NONSTEADY COMBUSTION 


Chairman: C. 
University 


J. Kippenhan, Washington 


Combustion Instability, by Luigi Crocco, 
Princeton University 

Oscillatory Combustion in Rocket Propul- 
sion Engines, by A. O. Tischler and Theo- 
dore Male, National Advisory Committee 
for Aeronautics 

Cellular Slot Burner Flames, by G. H. 
Markstein and D. Schwartz. Cornell Aero- 
nautical Laboratory 

Vibration of the Gaseous Column Behind a 
Strong Detonation Wave, by Boa-Teh 
Chu; The Johns Hopkins University 


12:30 p.m. 


Informal Luncheon 


1:45 p.m. Session VI u 
COMBUSTION OF 
CONDENSED PHASES 
Chairman: Noah §S. Davis, Jr., Becco Chemi- 
cal Div., Food Mach. and Chem. Corp. 


From Liquid Stream to Vapor Trail, by C. C. 
Miesse, Aerojet General Corp. 

Steady State Burning of a Liquid Droplet 
with Finite Reaction Kinetics, by Jack 


Lorell, California Institute of Technology, 
Henry Wise, Stanford Research Institute, 
and R. S. Carr, California Institute of 
Technology 

A Study of Radius and Surface Tempera- 
ture Variations of an Evaporating Liquid 
Droplet in the Absence of Macroscopic 
Convection, by S. L. Soo and H. K. Ihrig, 
Jr., Princeton University 

A Theory of the Spread of Flame in a Pro- 
pellant Bed, by G. P. Wachtell, The 
Franklin Institute 


Connecticut Valley 
Section Forming 


N organizational meeting was held re- 

cently in Meriden, Conn., for the pur- 
pose of forming a Connecticut Valley 
Section of ARS. The Section is planning 
to serve the Valley area from New Haven 
up to Springfield, Mass., as well as those 
members from western and eastern Con- 
necticut who wish to participate. 

An initial meeting is being arranged 
for September. Those interested in par- 
ticipating should contact either Yvonne 
C. Brill, Research Dept., United Aircraft 
Corp., East Hartford, Conn., or Chester 
B. Hayes, Gray Research ‘Laboratories, 

earch 


Indiana Banquet 
Hears Porter 


Ve, 
HE ABC of Survival” was the subject 
of an address given by President R. W. 
Porter at the annual banquet of the In- 
diana Section. About 100 persons at- 
tended the affair on May 12 in Lafayette, 
Ind. 


Guests were welcomed on behalf of Pur- 


due University by Professor D. C. Clark 
of the Mechanical Engineering Depart- 


ment. 

Dr. Porter, introduced by M. J. Zucrow, 
Professor of Jet Propulsion and Gas Tur- 
bines at Purdue, emphasized the impor- 
tance of the free world’s maintenance of 
leadership in guided missiles. 

The talk was illustrated by slides, and a 


SECTION PRESIDENTS 


Alabama: 
Central Texas: B. 
search Foundation; 
Research & Development Corp.; 
Wayne: 
Maryland: W. G. Purpy, 
tions, Inc.; 
R. C. SHERBURNE, 
Niagara Frontier: 


Florida: R. S. 
Glenn L. Martin Co.; 


New 


College; Northern California: M. A. Pino, California Research Corp.; 
Princeton Group: 
Norton B. Moore, McDonnell Aircraft Corp.; Southern California: C. 
Bendix Aviation Corp.; 


BripcrortH, Boeing Airplane Co.; 
St. Louis: 
KEY, ONR; Southern Ohio: W. J. 
Univ. of Minnesota. 


MIZEN, 


ARS MEETINGS CALENDAR 


Aug. 


22-24 ARS-Northwestern University, 
Evanston, 
Sept. 19-21 ARS Fall Meeting, Los Angeles, Calif. 
Nov. 13-18 ARS-ASME Annual Convention, Chicago, Ill. 
Dec. 12-16 


Abstracts should be submitted to the Program Chairman, American Rocket So- 
six months prior to the meeting date. 


ciety, 500 Fifth Ave., 


Josepx Wiaains, Thiokol Chem. Corp.; Arizona: 
S. ApELMAN, Phillips Petroleum Co.; 
Cleveland-Akron: W. T. O_son, NACA; 
MITCHELL, 
Norman Baker, Indiana Technical College; 
National Capital: EF. 
New England: C. Linco_n Arthur D. Little, Inc.; 
Mexico A & M; New York: 
T. Zannes, Bell Aircraft Corp.; Northeastern New York: 


Nuclear Science and Engineering Congress, Cleveland, Ohio 


New York 36, N. Y., 


Cuas. J. Green, Hughes Aircraft Co.; 
Chicago: V. J. CusninG, Armour Re- 
Detroit: Frep Kuiemacn, Natl, 
American World Airways; Fort 
GrauaM, Purdue Univ.; 

. Pace, Page Communica- 

in Mexico-West Texas: 
C. W. Cuitison, Curtiss-Wright Corp.; 
A. H. Fox, Union 
Pacific Northwest: R. M. 
Princeton Univ.; 
M. McCtos- 
Twin Cities: J. J. Scnons, 


Pan 
Indiana: A. 


IRvIN GLASSMAN, 


Gas 


Dynamics Symposium, 


Engineers! 


Join this 
winning team! 


At DOUGLAS you'll 
associated with top engineers 
who have designed the kcy 
airplanes and missiles on thie 
American scene today. For 
example: 


DC-7 ‘SEVEN SEAS" America’s 


finest, fastest airliner 


F4D “SKYRAY" Only carrier 
plane to hold world’s speed record 


C-124 ‘‘GLOBEMASTER'"' 
World's largest production transport 


_ 


NIKE Supersonic missile selected to 
protect our cities 7 


“SKYROCKET” First airplane 
to fly twice the speed of sound 


A3D ‘‘SKYWARRIOR" Largest 4 


carrier-based bomber 


A4D “SKYHAWK" Smallest, 


lightest atom bomb carrier 


B-66 Speedy, versatile jet bomber 


With its airplanes bracketing 
the field from the largest per- 
sonnel and cargo transports 
to the smallest combat types, 
and a broad variety of mis- 
siles, Douglas offers the engi- 
neer and scientist unequalled 
job security, and the greatest 
opportunity for advancement. 


For further information relative 
to employment opportunities at 
the Santa Monica, El Segundo 
and Long Beach, California, divi- 
sions and the Tulsa, Oklahoma. 
division, write today to: 


DOUGLAS AIRCRAFT COMPANY, Inc. 


C. C. LaVene, Employment Mer. 
Engineering General Office 


3000 Ocean Park Blvd. 
JET PROPULSION 


Santa Monica, California 
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Now entering its fifth year of service to 
henation, the Douglas Globemaster has 
yoved its worth in all climates, all types 
transport operation. 

Combining speed and range with the 
dability needed for operation under all 
veather conditions and from varied 


Air F. t i 
Biggest ir Force transpor 


to switch from logistic to tactical operations 


ground facilities, Globemaster can stow 
25 tons of cargo or accommodate 200 
fully armed troops. Most important, its 
capacious interior can accept 98% of all 
military equipment without disassembly 
—even big cranes and ready-to-fly heli- 
copters. On performance, the Douglas 


Globemaster is known in all theaters of 
operation as our most versatile military 
cargo-transport plane. 

Performance of Globemaster under all 
conditions indicates Douglas aviation 
leadership. Versatility of operation is a 
basic rule of Douglas design. 


ran i 4 
um! i 
needs no modification 
be 
the 
For 
—tne ougias opemaster 
to 
Enlist to fly with the U.S. Air Force 4 
epend on First in Aviation 
7 
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Over 85% of the torque wrenches 
used in industry are 


. TORQUE WRENCHES 


_ Read by or Foal, 


Practically Indestructible 
@ Faster—Easier to use 
@ Automatic Release 


@ All Capacities 


in inch grams...inch 
ouvnces,..inch pounds 
.. foot 
(all sizes from 
0-6000 ft. Ibs.) 


Every 


manufacturer, 
design and 
production man 
should have 
this valuable 


dota. Sent 


upon 


request. 


E 
NGINEER, 


MECHANICAL 
THERMODYNAMIC 

CALCULATIONS ON 
JET ENGINES 


recently declassified movie of ‘“‘V-2 Firings 
from the Aircraft Carrier Midway” were 
shown. 


Arizona Elects Green| 


HARLES J. GREEN, engineer at 

Hughes Aircraft Co., Tucson, is the 
new president of the Arizona Section, 
succeeding Robert H. Hansen. 

Serving under Green will be Edward §. 
Forman, vice-president; W. J. Peterson, 
secretary; and Robert F. Roney, treasurer. 
Directors are Edward J. Meyer, Joel 
Singer, and Robert M. Shuman. 


Section 


PYROS DAOUSSIS, engineer em- 

ployed by the Government and In- 
dustrial Division, Phileo Corp., Phila- 
delphia, is heading a committee which 
plans to start a Philadelphia Section in the 
Fall. Mr. Daoussis can be contacted at 
Dept. 12-651, Philco Corp. 


140 Hear Stapp 
DINNER meeting of the Southern 
California Section, held at the Pasa- 
dena Athletic Club on May 19, featured 
Lt. Col. John P. Stapp. 
The well-known aeromedical expert, 
who has endured countless acceleration 
and deceleration tests on rocket sleds, 


gave a talk on his experiences and showed 
films. 


Romick on 
Space Travel 


SLIDE-illustrated talk on “The Dawn 

of the Age of Space Travel’’ was 

given by Darrell C. Romick of Goodyear 

Aircraft Corp., at a May 25 meeting of the 
Chicago Section. 

Romick, a member of the ARS Space 

Flight Committee and author of many 


Plans for Philadelphia 


papers on the subject, outlined the ob. 
jectives of space flight and the progress to 
achieve it. 


Aviation Week Editor 
Speaks on ICBM 


BOUT 200 people attended a June 19 
meeting of the New York Section t 
hear David A. Anderton, Senior Engineer. 
ing Editor of Aviation Week, talk on inter. 
continental ballistic missiles. 
Introduced by President C. W. Chillson, 
Anderton discussed possible ballistic paths 
of the ICBM, as well as problems in aero- 
dynamic heating, guidance, and _ propul- 
sion. He pointed out the almost complete 
lack of aerodynamic information in the 
hypersonic speed range which the ICBM 
would inevitably reach. 


Section Publication 
Discussed 


HE New Mexico-West Texas Section 

devoted its May meeting to a review 
of experiences with the publication of 
“Missile Away!’’ 

The editor, Harry Stine, and !usiness 
manager, John Piech, explained how the 
magazine functioned and invited the mem- 
bers’ participation in it. 

Lou Stecher, program chairman, mod- 
erated the discussion. 


Fort Wayne Section 
Chartered 


BY-L4ws for a proposed Fort Wayne 

Section have been submitted to the 
ARS Membership Committee and ap- 
proved. The Section received its charter 
at an Aug. 9 meeting from V. J. Cushing, 
Chicago Section president. 

The Section is already publishing a 
newsletter, ‘Rocketry,’ which includes 
national as well as local items. 

Those interested in joining this Section 
should contact Norman L. Baker, Indi- 
ana Technical College, Fort Wayne. 


Growing demand for jet engines 
leading to the expansion of the 
staff has opened a position for a 
creative engineer able to calcu- 
late the thermodynamic cycle 
of jet engines. 


This will include setting com- 
pressor ratios, estimating com- 
pressor efficiency, drawing up 
compressor maps, etc. Engineer 
will calculate on IBM computers 
the relation of compressor ratio, 
turbine inlet temperatures, the 
effect of reheat, etc. on engine 


pag, 


thrust and SFC. 


This department is lo- 


cated 


in a pleasant 


suburb of Cincinnati, 
ideal for family living. 


Send complete resume in con- 


fidence to: 


Box B, American Rocket Society 


500 Fifth Ave., N 


Swanson speaks to Fort Wayne Section 
By-Laws for the new Fort Wayne Section have been approved by the ARS Membership 


Committee. 


The Section is composed principally of students at Indiana Technical College. 
12 meeting was held at which the principal speaker was Conrad Swanson of the Ordnance 
Missile Laboratories, Redstone Arsenal (seated, center). 
Leon Bakow, director; Lloyd Wadekamper, vice-president; 


(seated, left to right): 


Norman L. Baker, president; Marion Stults, director. 
and Rex Plereon, J directors ; and Mich- 


secretary; Ned Nischwitz, ate 
ael Katanik, treasurer. = 


A May 
Others in the photo include 


Standing are: Warren Couture, 
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snithsonian Physical Tables, Volume 120, 
edited by W. E. Forsythe, Smithsonian 
Institution, Washington, D. C., 1954, 
827 pp. $9. 

Reviewed by C. F. WARNER 
Purdue University 


In the 901 separate tables comprising 
the ninth revised edition of the Smith- 
wnian Physical Tables, Volume 120, are 
presented data deemed to be of use to 
physicists and engineers. No attempt is 
made here to judge the validity of the data 
the choice of material presented; how- 
wer, this reviewer believes that the tables 
ye of such general interest and usefulness 
that an outline of the subject matter will 
be of value. 

The subject material presented may be 
aubdivided into the following general 
divisions: (1) units of measurement and 
wit conversion tables; (2) mathematical 
fctions and tables; (3) constants for 
emperature measurement including ther- 
nocouple reference tables and spectral in- 
tensities; (4) photometric data including 
the emissivities of many materials; (5) 
temperature characteristics of materials 
including the thermal conductivity; (6) 
thermodynamic properties including pres- 
ure, volume, and weight relations of gases 
ad vapors; (7) physical and mechanical 
properties of materials; (8) acoustics; (9) 
various electrical characteristics of mate- 
rials including magnetic properties; (10) 
optics and optical properties of materials; 
ll) atomic and nuclear data; and (12) 
niseellaneous data. 

Over seventy tables of astronomical and 
strophysical data of interest to the space 
wientist are presented. 


Titanium in Industry, by S. Abkowitz, 
J. Burke, and R. Hiltz, Jr., D. Van 
Nostrand Co., Inc., New York, 1955, 
224 pp. $5. 
Reviewed by F. Kapre.t 
Bell Aircraft Corporation 


‘Titanium in Industry” might better 
lave been entitled Titanium Indus- 
ty,” for it reviews not only the use of tita- 
titm in industry but also the history, pro- 
duction techniques, physical metallurgy, 
ining, fabricating, metallographic tech- 
liques, and finally, almost insignificantly, 
theuse of titanium in industry. 

In essence, this volume covers all of the 
presently accepted current-day knowledge 
titanium and its industry. One minor 
titicism might be offered of this volume, 
lumely, there are still many phases of the 
illoy development program in current use 
today that are only briefly mentioned or 
mitted. This results from the fact that, 
ilthough the authors have indicated that 
ey have taken every opportunity to re- 
lit the book based upon current or last- 
uinute information, the preparation of 
hateriil and printing does consume time 
iid the titanium industry has moved 
thead in that time. — 


The history of the industry and produc- 
tion methods are informative and inter- 
esting. They show why titanium is a 
high-priced material and is destined to re- 
main there with today’s batch processing 
units. A thorough treatment of the 
ABC’s of heat treatment (alpha, beta, or a 
combination of alpha and beta) is given. 
This aids in an understanding of the effect 
of alloy additions—interstitial or substitu- 
tional. 

The title, ‘‘Analytical Technique Sec- 
tion,’”’ is somewhat misleading in that the 
generally accepted methods are stated for 
each element but no detailed procedures 
are outlined. For this section to be use- 
ful, one must be a competent chemist with 
a thorough knowledge of analytical pro- 
cedures. As might be expected, most of 
the applications given are military uses. 
The reasons for this are obvious if one goes 
back and re-evaluates the data given by 
the authors in Chap. I on the growth of the 
industry. 

This book should appeal to the layman 
or interested technical worker who has not 
been indoctrinated into the titanium in- 
dustry. It does offer a working under- 
standing of the titanium industry and is 
sufficiently referenced to let the serious 
reader investigate specific details further. 


The Sun, edited by G. P. Kuiper, Univer- 
sity of Chicago Press, 1953, 745 pp. 
$12.50. 

Reviewed by S. F. SINGER 
University of Maryland 


The present volume, which deals with 
all aspects of the sun, is made up of con- 
tributions from 23 distinguished astronom- 
ers and astrophysicists. The material has 
been thoroughly edited and integrated 
by Professor G. P. Kuiper of Yerkes Ob- 
servatory, one of the world’s leading astro- 
physicists. Three further volumes are 
planned in this series, dealing with the 
earth, the other planets, the satellites, the 
comets, and the smaller bodies of the solar 
system. There is no doubt that the com- 
plete set will constitute the most authori- 
tative and comprehensive treatment of 
our knowledge of the solar system. 

The first section of the present volume is 
an introduction by Professor L. Goldberg, 
Director of the Michigan Observatory, 
giving a historical background to solar re- 
search and outlining the chief problems of 
the sun and its atmosphere. The second 
section by Professor B. Strémgren, Direc- 
tor of Yerkes Observatory, discusses the 
sun as a star, including theoretical models 
of the solar interior. Section three is one of 
the longest and deals with the solar photo- 
sphere, the bright solar layer which gives us 
the visible light. Professor M. Minnaert, 
Director of Utrecht Observatory, Holland, 
discusses in great detail the solar continu- 
ous radiation and the Fraunhofer absorp- 
tion lines. The fourth section written by 
Dr. Charlotte E. Moore, National Bureau 


of Standards, is devoted to the identifica- 


C. F. Warner, Purdue University, Associate Editor 


tion of spectral lines of the sun. Another 
major section of the book is devoted to 
the chromosphere and the corona and is 
written by Professor H. C. van de Hulst 
of the Observatory of Leiden, Holland. 
The ultraviolet and x-radiation originates 
in these outer regions of the sun’s atmos- 
phere. 

In the sixth section Professor K. O. 
Kiepenheuer, Director of the Fraunhofer 
Observatory, Germany, discusses various 
aspects of solar activity, a subject of great 
importance because of the effects on the 
earth’s atmosphere and on the earth itself. 
After a review of sun spots, solar flares and 
prominences, Dr. Kiepenheuer discusses 
the electromagnetic and corpuscular radia- 
tions issuing from the sun during periods 
of solar activity and the resultant terres- 
trial effects: radio-fadeouts, magnetie 
storms, and cosmic ray effects. A sepa- 
rate section written by Drs. J. L. Pawsey 
and S. F. Smerd, of the Radiophysics 
Laboratory, Sydney, Australia, is devoted 
to radio emission from the quiet and dis- 
turbed sun. The importance of the effects 
discussed in this section and in the pre- 
ceding one relates to radio communication 
and long distance control of missiles. 

Section eight is a theoretical treatment 
of solar electrodynamics by Professor T. 
G. Cowling of the University of Leeds, 
England. He reviews basic phenomena 
and theories for explaining the magnetic 
field of the sun, the sun spots, and solar 
flares. 

The final section is given over to a de- 
scription of empirical problems and 
equipment for studying the sun. Of par- 
ticular interest are the measurements of 
the solar spectrum in the ultraviolet re- 
gion from high altitude rocket observa- 
tions, as discussed by Dr. R. Tousey of 
the Naval Research Laboratory. 

The book is written so as to be intelli- 
gible to the nonspecialist who is versed in 
the physical sciences. It is also of great 
value as a reference volume about the sun. 
The discussion is descriptive for the most 
part, and there are many illustrations and 
photographs and over 1000 references to 
the literature. 


Sonics, by Theodore F. Heuter and Rich- 
ard H. Bolt, John Wiley & Sons, Inc., 
New York, 1955, 456 pp. $10. 

Reviewed by R. C. BINDER 
Purdue University 


’ 


The word “sonics’’ refers to the technol- 
ogy of sound as applied to problems of 
measurement, control, and _ processing. 
The entire frequency range is covered, 
from audible sounds to ultrasonics (vibra- 
tions above the limit of human hearing). 
Sound waves can be used to penetrate 
many solids and liquids. Sound can be 
employed to detect a crack deep in some 
metal. Sound can be used to measure 
elastic constants of solids, and to deter- 
mine the molecular structure of many 
liquids. Sound can be used in underwater 
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» SINCE 1915 LEADERS IN AUTOMATIC CONTROL 


Smoothing Signal Noise 


preset Ford component — the disk integrator. Used in Ford ana- 
logue computers, the disk integrator smoothes random fluctuations 
due to extraneous influences and obtains an average of the received 
_ signal. Thus, a device originally designed by Ford for integration is 
successfully used as a mechanical counterpart of the RC Filter. 


The Ford circuit operates on the premise that the older the data 

the less important it is. Therefore, data smoothed must be weighted 

in proportion to its age, so that the weight assigned to it decreases 
exponentially with time. The output of the circuit then represents 
the summation of this weighted data and tends to ignore random 
noises of short time duration. 


As shown in the drawing, the incoming signal (with noise super- 
imposed) is the input to the differential. As long as the integrator 
output (the roller) rotates at the same rate as the incoming signal, 
the differential output (error signal) is stationary and the integrator 
carriage remains stationary. But any change in the incoming signal 
produces changes in the error signal which tends to displace the 
integrator carriage and thus restore the system to equilibrium. 


This reaction, however, is not instantaneous. It occurs after a 
certain time-lag which may be adjusted by the gear ratio. If the 
signal is of brief, random nature, the time-lag of the integrator will 
prevent its acting on the system. On the other hand, a permanent 
change in the signal will displace the carriage and change the output 
of the system. 


This use of the Ford disk integrator as a noise smoother exemplifies 
the flexibility and adaptability of Ford components and ideas. 


Bie Disk, Balls and Roller Integrator 
| FORD INSTRUMENT COMPANY 


DIVISION OF SPERRY RAND CORPORATION 
31-10 Thomson Avenue, Long Island City 1, N. Y. y - 


ENGINEERS 


of unusual abilities can find a future at FORD INSTRUMENT COMPANY. Write for information. 
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Design @ 
Engineer 


You'll find stimulation in the 
search for new ideas and dif- 
ferent methods in the design 
and development of jet aircraft 
afterburners and nozzles, with 
General Electric, one of the 
country’s leading manufacturers 
of aircraft power plants, located 
in New England. 


This mechanical design and 
combustion work includes prob- 
lems in fuel system design and 
analysis, flame holder design, 
temperature problems, nozzle 
actuation and other related ac- 
tivities. It requires a thorough 
knowledge of combustion fuels, 
heat transfer and thermody- 
namics. 


Send Complete Resume to 
MR. DAVID B. PRICE 
SMALL AIRCRAFT ENGINE DEPT. 
GENERAL ELECTRIC 
1000 WESTERN AVENUE 
WEST LYNN, MASS. 


THE APPLIED PHYSICS LABORA- 
TORY of THE JOHNS HOPKINS 
UNIVERSITY offers an exceptional op- 
portunity for professional advancement 
in a well-established Laboratory with a 
reputation for the encouragement of in 
dividual reesponsibility and self-direction 


Our program of 


GUIDED MISSILE 
RESEARCH and 
DEVELOPMENT 


provides such an opportunity for men in: 


SUPERSONIC MISSILE DESIGN 
WIND TUNNEL TESTS AND 
DATA ANALYSIS 
RAMJET DESIGN AND ANALYSIS 
ROCKET DESIGN AND TEST 
CIRCUIT DESIGN AND ANALYSIS 
ELECTRONIC PACKAGING 
DESIGN, TEST, AND EVALUATION 
OF MISSILE SYSTEMS 
FIELD TESTING OF RADARS 
AND GROUND SYSTEMS 


Please send your resume to 
Professional Staff Appuintment 


| 


APPLIED PHYSICS LABORATORY 
THE JOHNS HOPKINS UNIVERSITY 


8621 Georgia Avenue 
Silver Spring, Maryland ) 
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galing and in process-control devices. 
sound waves can be used to coagulate sus- 

nded particles in gases and to disperse 
aspended particles in liquids. There are 
untless mechanical, electrical, chemical, 
ad biological applications of sound. This 
fed of sonics is rapidly opening up. 
Many new uses are being discovered and 
developed. 

This book is the first to present a mod- 
en, organized treatment of material in 
this field. Chapters cover the fundamen- 
sl physics of vibration and sound, radia- 
tin, design principles of electroacoustic 
wd fluid-dynamic transducers, piezoelec- 
ie transducers, magnetostrictive trans- 
ducers, physical mechanisms for sonic 
processing, devices and techniques for 
onic processing, principles of sonic test- 
igand analysis, and acoustical relaxation 
mechanisms in fluids. The treatment is 
pactical, and is as simple as_ possible. 
The physics is given with plausibility ar- 
gments rather than with rigorous deriva- 
tins, ‘he meter-kilogram-second  sys- 
im of units is used throughout. A large 
wmber of tables and design curves are pre- 
vated, which are useful for engineering 
cases. Material is drawn from physics, 
engineering, and electronics. Emphasis is 
peed on the techniques and instrumenta- 
tion for tackling actual industrial prob- 
kms. Typical examples are given which 
illustrate operating principles, and sug- 
gstions are made for applications in a 
variety of fields. 

The authors have done an excellent job 
df digging out information and unifying 
the presentation. This book is highly 
recommended for anyone who has or might 
lave any contact with this field. 


Modern Physics for the Engineer, edited 
by Louis N. Ridenour, McGraw-Hill 
Book Co., Inc., New York, 1954, 500 
pp. $7.50. 
Reviewed by H. S. Serrert 
Ramo-Wooldridge Corporation 


This book is the outgrowth of a series of 
ketures given at the University of Califor- 
tia for the purpose of acquainting engineer- 
ing students with recent developments and 
‘oneepts in modern physics, in the hope 
that the lag between the discovery and the 
pplication of these ideas could thereby be 
twortened. While the book is not a com- 
prehensive, continuous whole, as indeed 
itcould not be, since it is a collection of 
lineteen chapters by as many different 
uthors, it omits no currently significant 
‘pic of fundamental or applied physics. 
imphasis is placed on nuclear physics, the 
wlid state, astrophysics, geophysics, elec- 
tonics, and information theory. 

The impact on the reader is stimulating, 
anee the essential ideas of many fascinat- 
ig fields are presented concisely and per- 
nit him to comprehend with great econ- 
my of effort. Nineteen well-qualified 
authorities, fifteen of them from the West 
toast, have endeavored to distill the es- 
“nee of their knowledge and experience, 
tiarding irrelevant and tedious detail. 
On the whole, they have succeeded in mak- 
ga very readable and understandabie 
‘xt. In many instances, the concepts 
‘aanot be convincingly developed in the 
lew pages available, but for those whose 
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curiosity is piqued, a list of select refer- 
ences is given. The volume forms an ad- 
mirable source-book for the busy engineer. 

A tabulation of topics will give an ap- 
preciation of the scope of the book: In- 
troduction; 1 Relativity and the founda- 
tions of mechanics. 2 Atomic structure. 
3 Physics of the solid state. 4 Magnet- 
ism. 5 Microwave spectroscopy. 6 
Nuclear structure and _ transmutation. 
7 Electronuclear machines. 8 The ac- 
tinide elements and nuclear power. 9 
Elementary particles. 10 Astrophysics. 
11 High-pressure phenomena and geo- 
physics. 12 The earth beneath the sea. 
13. Thunderstorms and lightning strokes. 
14 Transient phenomena in supersonic 
flow. 15 Electrons and waves. 16 
Semiconductor electronics. 17 Commu- 
nication theory and transmission of in- 
formation. 18 Computing machines and 
the processing of information. 

This book can best be appreciated by a 
reader who is solidly grounded in classical 
physics. The mathematical background 
required is moderate, although the con- 
cepts in Chaps. 1 and 17 are somewhat 
abstruse. The reviewer commends the 
volume especially to workers in the rocket 
and missile fields, where the demand for 
versatility in modern physical techniques 
is particularly pressing. 


Falk’s Solutions, fourth edition, by Karl 
H. Falk, Columbia Graphs, Columbia, 
Conn., 1955, 419 pp. $6. 

Reviewed by C. F. WARNER 
Purdue University 


In this fourth edition of “Falk’s Solu- 
tions’’ are presented 400 full-page graphi- 
cal solutions of the less complicated equa- 
tions of physics, mechanics, mensurations, 
etc., most frequently encounted by the en- 
gineer and technician. Each page is de- 
voted to the graphical solution of one equa- 
tion. An illustrative example is given for 
each problem covered, together with the 
basic equation that has been used in con- 
structing the graph. Wherever practica- 
ble, the equation has been solved re- 
peatedly for each of the variables in turn. 

The section devoted to mechanics con- 
tains 175 graphs giving the solution to such 
problems as simple levers, beams, safe 
beam loads, simple beam deflections, lin- 
ear thermal expansion, section moduli of 
common shapes, bolt loads, forces, and 
static hydraulics. 

The areas, volumes, and pertinent di- 
mensions of common shapes and solids are 
given in the mensuration section. Numer- 
ous charts for the conversion from one set 
of units to another are also included in 
this section. 

One advantage of the graphs is that the 
results of variations in one or more of the 
pertinent parameters upon the value 
sought is readily apparent. This charac- 
teristic may save much time and labor 
when first approximations are being 
sought for preliminary design purposes. 


Rocket Propulsion, by E. Burgess, Chap- 
man and Hall, Ltd., London; Macmil- 
lan Co., New York, 1954, 235 pp. $4.50. 

Reviewed by D. G. 
Purdue University 


This second edition of ‘Rocket Propul- 


sion”’ is basically unchanged from the first 
edition reviewed in the Journal of the 
American Rocket Society, vol. 23, July- 
August, 1953. The occasional errors of 
the first edition have been corrected, and 
some additional and more recent material 
has been interpolated. 

“Rocket Propulsion’’ remains one of the 
few nonmathematical books on rockets 
and space flight which concentrates on 
propulsion, rather than astronomy. Al- 
though written in verbal, rather than 
mathematical, terms, the book assumes 
some engineering training on the part of 
the reader. 

The first chapter presents the basic 
principles of rocket propulsion, and the 
next three chapters, occupying half of the 
book, discusses propellants, motors, and 
feed systems. The following three chap- 
ters deal with flight control, long-range 
rockets, and interplanetary flight. The 
final chapter discusses briefly the applica- 
tion of nuclear energy to rocket propulsion, 
and the appendices sketch the derivations 
of some equations for nozzle flow and for 
rocket motion. 

This book is written in an interesting 
and unhurried style, yet its two hundred 
pages encompass a remarkably detailed 
exposition of rocket propulsion and its ap- 
plications. Although necessarily based 
on unclassified and out-of-date material, 
“Rocket Propulsion’’ succeeds, with only 
occasional misleading passages, in present- 
ing a sound and accurate picture of its 
subject. 


Development of the Guided Missile, sec- 


ond edition, by Kenneth W. Gatland, 
Philosophical Library, Inc., New York, 
1954, 292 pp. $4.75. _ 
Reviewed by G. P. Surron 
North American Aviation, Inc. 


This book is a second edition and has 
been completely revised and expanded. 
The chapter on propulsion discusses the 
basic concepts and problems associated 
with this field, and the research and de- 
velopment chapter delves into rocket 
models, data and test techniques, and test 
facilities. Advantages, disadvantages, in- 
itial development, and possible guiding 
control systems for the guided bomb are 
covered in another section, followed by a 
presentation of the problems of the long- 
range missile and a description of the evo- 
lution of present-day missiles. The sur- 
vey of Russian potentialities for long- 
range rocket development is timely. De- 
tails of the telemetering equipment used in 
British missiles have been added to the 
appendix. 

The original sections have been refined 
and brought up to date. The new arma- 
ment section discusses various aspects of 
missile use against jet bombers, types of 
missile control and means of defense 
against missiles. The development prob- 
lems, existing limitations, and possible 
homing devices for the air-to-air missile 
are presented in the following chapter. 
The sections on rockets for high-altitude 
research, space-satellite vehicles, and in- 
planetary flight touch on the basic theo- 
ries, considerations, and configurations of 
these missiles and demonstrate the theo- 
retical practicability of space flight. Of 
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in a nutshell... 


here’s precise pressure 
measurement 


What surprises most engineers the WIDE CHOICE OF RANGES... gage, absolute 
~ first time they see one of CEC’s 4-300 and differential units... full-scale ratings 
y low as 1 psi, high as 5000 psi. 
Pressure Pickups is its small size. ccypacy....0.75% maximum linearity 
when they learn of the performance,  deviation...unusually low hysteresis, tem- 
surprise often turns to amazement. perature effects, and acceleration response. 
With the 4-300’s. there’s no compro- EXTREME MINIATURIZATION... bodies as 


‘ ith small as 42” in diameter. 
mise on either compactness or accu- 
P STANDARDIZATION . . . same basic sensing 


racy ... you get both ina single unit, element in all models... uniform excita- 
with ruggedness that provides labo- tion voltage and output greatly simplify 


system design and operation. 
ratory accuracy under the most ad- 4 7 si 
COMPLETE CALIBRATION CERTIFICATE . . . all 


verse conditions of use. characteristics measured . . . signed certifi- 
For your next pressure measure- cate sent with each pickup. 


: "| ment job ... Where you need high ADAPTABILITY...several mounting methods 
accuracy, rapid response and mini- Offered . . . standard fittings supplied. 
mum size . . . check these important 
taf features, common to all CEC 4-300 
,% Pressure Pickups... 


There’s a CEC Pressure Pickup for al- 
most every purpose. For complete 
information let us send you Bulletin CEC 
1552-X17. 


Consolidated Engineering 


Corporation 
7 ELECTRONIC INSTRUMENTS FOR MEASUREMENT AND CONTROL 
300 North Sierra Madre Villa, Pasadena 15, California 


Sales and Service Offices Located in: Albuquerque, Atlanta, Buffalo, Chicago, 
Dallas, Detroit, New York, Pasadena, Philadelphia, Seattle, Washington, D. C 


concern to all of us is the effect of spa 


travel on mammals, which is also discussed 
herein. In particular, the comparisoff‘ 
illustrations of missiles from various coy, 
tries, reproduced to scale, and the tab. 
summarizing available information on sig. Mt 
nificant powered missiles are of currey; 
interest. Once again, as with the fir 
edition, the contrast between the sketchy by 


information on British development an 


the detailed information on America) 


rockets and missiles is indeed :mazing Je 
The second edition adds relatively: little tf! 


the material which had been previous| 
presented on British development, an 


the American programs seem to be the 


| 
if 


main source of information for the author §@ 
Because of its many simplified sketches?! 


and descriptions, the good selection ¢ 


photos, and the current materi:! it 
tains, this book is recommended as good Lu 
background material for the nontechnical ff 


man who wishes to become acijuainted 


with the field of rocketry, past «nd pres 


ent. The technical man should find j 
useful as a historical reference. 


Menschen im Weltraum, by [lerman 
Oberth, Econ Verlag, Dusseldorf, 1954 
256 pp. $6. 

Reviewed by ALFRED J. ZAEHRINGER 
American Rocket Company 


This book—“‘Space Man’’—mavy be con- 


sidered as an extension, although not the fy, 


long-awaited second edition, of Oberth’s fp 


“Wege zur Raumschiffahrt’’ first pub- 


lished in 1929. In the period of time be 
tween these two works, the ideas and theo- 
ries laid down in the 1929 work have be 
come commonplace in rocketry and the 
field of astronautics. In semitechnical 


style Oberth again attempts to presage fig 


the future. All the mathematics is rele 
gated to an appendix and the book starts 
by outlining a three-stage satellite rocket 


of truly great proportions—3500 tons—§, 


with a payload of 33 tons! Despite its 
large dimensions—approximately — four 
times the size of the V2—one interesting 
feature is the use of a low-cost solid pro- 
pellant booster stage delivering over 7) 
million lb sec of impulse. In subsequent 
chapters the author ventures even further 
beyond present engineering realms to dis 
cuss space suits, space stations, space tele 
scopes, space mirrors, electrical space 
ships, moon autos (Detroit please note!), 
and the philosophical aspects of space 
flight. Although the practical engineer 
will doubtless disagree with much that 1s 
outlined in the book, it is hard to see how 
the imagination of even the most pessimis 
tic attackers of astronautics cannot help 
being stimulated. If the next twenty- 
five years show as much rocket progres 
as did the past twenty-five, this book wil 
have provided a glimpse into our future 
in space. 


Book Notices 


Bibliography and Index on Dynami 
Pressure Measurement, by W. B. Brom 
bacher and T. W. Lashof, National Bu 
reau of Standards Circular 558, (overt 
ment Printing Office, Washington, D. C; 
1955, 124 pp. $0.75. 

The Bibliography lists 850 references 0 
dynamic pressure measurement and, in les 


PROPULSION 


: 
4 
‘ 
4 
Th 
: 
oF 
An 
Na 
Adc 
Cit 
it 
En 
414 Aver 
‘ 


of spare 
liscussed 
nparison 
US COUn- 
he table 
n on Sig. 
Current 
the first 
sketchy 
lent and 
Merican 
imazing 


detail, related subjects such as static pres- 
«ire measurement, and general informa- 
tion on the components of pressure mea- 
wring instruments. An index by subject 
natter and by authors adds materially to 
thevalue of the bibliography. 


Transistors and Their Applications, a 
Bibliography, Technological Institute Li- 
brary of Northw estern University, Evans- 
ton, JIl., 1954, 77 pp. 

The Bibliography contains over 800 ref- 
eences compiled by students using the 
little iatilities of the Technological Institute 
eviously brary: References are arranged by 

year of publication and by author. 


‘nt, andi: 

| be they The Dynamic Theory of Gases, 4th 
author by Sir James Jeans, 1925, Te- 
sketches printed by Dover Publications, Inc., New 

oti York, 1954, 444 pp. 

ction off This book is a new inexpensive, una- 

Col Bridged edition of the classic treatise on 
4S goods The engineer and physicist will find 
echnical ff hisa welcome addition to their reference 
juainted library. 

nd pres Atoms for Peace, by D. O. Woodbury, 
find it Dodd, Mead and Company, New York, 

1955, 257 pp. $3.50. 

An interesting presentation of the sub- 

ject of atomic energy by a non technical 

witer for the general public. Interesting 

rading for the nontechnical public. 


lermann 
rf, 1954, 
The following publications may be ob- 
iNGER fuined from the Superintendent of Docu- 
. nents, G. P. O., Washington, D. C.: 


Table of Sine and Cosine Integrals for 
Aguments From 10 to 100, Applied 
Mathematics Series no. 32, National Bu- 
rau of Standards, 1954, 187 pp. $2.25. 


Table of the Gamma Function for Com- 
jlex Arguments, Applied Mathematics 
‘ries no. 34, National Bureau of Stand- 
ils, 1954, 105 pp. $2. 


Table of Salvo Kill Probabilities for 
Square Targets, Applied Mathematics 
fries no. 44, National Bureau of Stand- 
ads, 1954, 33 pp. $0.30. 


Tables of Functions and of Zeros of 
functions, Applied Mathematics Series 
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| 37, National Bureau of Standards, 
spite Is 210 pp. $2.25. 
four 
Ms Tables of the Error Function and Its 
Derivatives, Applied Mathematics Series 
Pr 41, National Bureau of Standards, 
over 70 302 pp. $3.25. 
sequent 
| further 
s to dis 
— Send for latest books on 
» note!), rockets: 
f space 
a ie > Viking Rocket Story, by Milton 
eer $3.75 
see how ff The Rocket Pioneers, by Beryl Wil- 
essimis liams and Samuel Epstein. . $3.75 
help 
ped J The Mars Project, by Wernher von 
wenty raun $3.95 
ook will Flight into Space, by Jonathan 
r future 
American Rocket Society 
500 Fifth Ave. 
New York 36, N. Y. 
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here if is! _the perfect | | 
iswer to” precision airfoil 
tion of jet 


® assembled wom 
stock components 
@ interchangeable parts 
@ quick delivery 


checks all features 


maintains original 


accuracy 


lower original cost 


@ less down-time 


@ quickly re-worked 


for parts changes 


WINSLOW 


(PRECISION ALWAYS) 


GUILLOTINE GAGE 


Already in use by the leaders of the jet engine 
industry, this new kind of guillotine gage solves 
the problem of maintaining accuracy. Tem- 
plates are supported over a much larger area 
of their surface, making wear negligible. And 
alignment is guaranteed by heavy stacked 
towers that are bolted together for ruggedness 
and complete rigidity. Winslow’s new design 
and assembly from precision-built interchange- 
able parts give six big advantages. You get quick 
delivery and lower original cost. You save on 
maintenance—in case of damage substitution 
of some parts can be made without even re- 
moving the gage from your inspection line. 


Gage down-time is cut, requiring fewer gages 
and avoiding costly production holdups. And 
finally, you reduce your gage investment with 
a truly multi-purpose instrument—check all 
10 features of a jet engine blade with a single 
gage; check forging and finished part with 
only one gage. No more gage obsolescence— 
Winslow’s Re-Work Service quickly up-dates 
the gage when your part changes. Easy to use 
and easy to read, the Winslow speeds produc- 
tion, gives ‘‘more accuracy for less money.” 


Write for literature, get the full story on Winslow 
standard and special gages... for every pre- 
cision control problem. 


WINSLOW MANUFACTURING CO. 
1753 EAST 23 STREET © CLEVELAND 14, OHIO 
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Jet Propulsion Engines 


The Design of Power Plant Ducting, by 
H. 8. Fowler, Canada Nat. Res. Counc. 
Rep. no. ME-208, May 11, 1954, 71 pp. 

The Future of the Small Industrial Gas 
Turbine, Oil Engine and Gas Turbine, vol. 
22, Mar. 1955, pp. 433-434. 

Lodge Igniters for Gas Turbines, Oil 
Engine & Gas Turbine, vol. 22, Mar. 
1955, pp. 435-436. 

How Marquardt Backs up Ramjet De- 
velopment Work, Part 2, by Irving Stone, 
Aviation Week, vol. 62, Apr. 25, 1955, pp. 
53-54. 

The First 100 Years of Aircraft Power- 
plants, by P. B. Taylor, SAE J., vol. 63, 
Feb. 1955, pp. 89-96. 

Bristol’s B.E. 25 Turboprop, by S. G. 
Hooker, Aeroplane, vol. 88, Apr. 29, 1955, 
pp. 563-565. 


Rocket Propulsion Engines 


Rocket Power for Helicopters, by 
Erik Bergaust, Aero Digest, vol. 70, Apr. 
1955, pp. 32-40. 


Heat Transfer and . 
Fluid Flow 


Review of Experimental Investigations 
of Liquid-Metal Heat Transfer, by Ber- 
nard Lubarsly and 8. J. Kaufmann, NACA 
TN 3336, Mar. 1955, 115 pp. 

Turbulent Heat Transfer Measurement 
at a Mach Number of 2.06, by M. J. Bre- 
voort and Bernard Rashis, NACA TN 
3374, Mar. 1955, 20 pp. 

One-Dimensional Calculation of Flow 
in a Rotating Passage With Ejection 
Through a Porous Wall, by E. R. G. 
Eckert, J. N. B. Livingood, and Ernst I. 
Prasse, NACA TN 3408, Mar. 1955, 29 


pp. 

A Theory for Predicting the Flow of Real 
Gases in Shock Tubes With Experimental 
Verification, by Robert L. Trimpi and 
Nathaniel B. Cohen, NACA TN 3375 
Mar. 1955, 69 pp. 

Fluid Mechanics Studies—Transition 
Phenomena in Pipes and Annular Cross 
Sections, by R. S. Prengle and R. R. 
Rothfus, Indust. Engng. Chem., vol. 47, 
Mar. 1955, pp. 379-386. 

Flow of Fluids, by Murray Weintraub, 
Indust. Engng. Chem., Part 2, vol. 47, 
Mar. 1955, pp. 558—? 

On Turbulent Jet Mixing of Two Gases 
at Constant Temperature, by S. I. Pai, 
J. Appl. Mech., vol. 22, Mar. 1955, pp. 
41-47. 

Summary of Recent GALCIT Hyper- 
sonic Experimental Investigations, by 
Henry T. Nagamatsu, J. Aero. Sci., vol. 
22, Mar. 1955, pp. 165-172. 

On Unsteady Flow Through a Cascade 


Technical Literature Digest 


M. H. Smith, Associate Editor, and M. H. Fisher, Contribute 


James Forrestal Research Center, Princeton University 


of Airfoils, by L. C. Woods, Proc. Roy. 
Soc. Lond., vol. 228, Feb. 1955, pp. 50-65. 

The Early Development of Spherical 
Blast From a Particular Charge, by F. J. 
Berry, D. 8. Butler, and M. Holt, Proc. 
Roy. Soc. Lond., vol. 227, Jan. 1955, pp. 
258-270. 

Theoretical and Experimental Pressure 
Recovery of Sweptback Normal Shock 
Inlets, by Geo. D. Dickie, Jr., J. Aero. 
Sci., vol. 22, Mar. 1955, pp. 189-193. 

Sound Propagation into the Shadow 
Zone in a Temperature Stratified Atmos- 
phere Above a Plane Boundary, by D. C. 
Pridmore-Brown and Uno Ingard, Acoust. 
Soc. Amer., vol. 27, Jan. 1955, pp. 36-42. 

Recent Developments in Boiling Re- 
search, by W. H. Jens and G. Leppert, J. 

Amer. Soc. Nav. Engrs., vol. 67, Feb. 1955, 
pp. 137-155. 

Laminar Heat Transfer in Rectangular 
Tubes With Combined Free and Forced 
Convection, by L. S. Han, J. Amer. Soc. 
—_ Engrs., vol. 67, Feb. 1955, pp. 163- 
167. 

A Note on the Cooling of Turbine Rotor 
Blades by Water Jets, by K. R. F. Ken- 
worthy, Gt. Brit. Nat. Gas Turbine Estab. 
NGTE M.227, Oct. 1954, 6 pp. 

A Provisional Analysis of Turbulent 
Boundary Layers with Injection, by J. H. 
Clarke, Hans R. Menkes, and Paul A. 
Libby, J. Aero. Sci., vol. 22, Apr. 1955, pp. 
255-260. 

Transport of Momentum and Energy in 
a Ducted Jet, by L. G. Alexander, Arnold 
Kivnick, E. W. Comings, and E. F. Henze, 
AIChE J., vol. 1, Mar. 1955, pp. 55-73. 

Upward Cocurrent Annular Flow of Air 
and Water in Smooth Tubes, by Seymour 
Calvert and Brymer Williams, AJChE J/., 
vol. 1, Mar. 1955, pp. 78-86. 

An Accurate and Rapid Method for the 
Design of Supersonic Nozzles, by Ivan E. 
Beckwith and John A. Moore, NACA TN 
3322, Feb. 1955, 57 pp. 

Theory of the Jet Syphon, by B. 
Szczeniowski, NACA TN 3385, May 1955, 
49 pp. 

Thermal Stresses in Hollow Cylinders, 
by R. A. Powell and H. Poritsky, Eng. 
Lab. Gen. Elec. Co. Rep. no. R54GL269; 
GEL-90, Oct. 22, 1954, 41 pp. 

An Experimental Investigation of Reyn- 
olds Number Effects on Supersonic 
Static Probes, by L. N. Wilson, Toronto 
Univ. Inst. Aerophys. TN no. 3, Sept. 1954, 
24 pp. 

Visualization Studies of Secondary 
Flows with Applications to Turbomachines, 
by H. Z. Herzig and A. G. Hansen, Trans. 
ASME, vol. 77, April 1955, pp. 249-266. 


Molecular Transport Properties of 
Fluids, by E. F. Johnson, Indust. Engng. 
Chem., vol. 47, March 1955, part 2, pp. 
599-604. 

Fluid Dynamics, by A. K. Oppenheim 
and R. R. Hughes, Jndust. Engng. Chem., 


vol. 47, March 1955, Part 2, pp. 632-647. 
Heat Transfer, by E. R. G. Ecker 
J. P. Hertnett, and H. S. Isbin, Induy 
Engng. Chem., vol. 47, March 1955, part 2 
pp. 647-658. 
Mass Transfer, by C. R. Wilke 
Indust. Engng. Chem., vol. 47, Marchs 
1955, part 2, pp. 658-664. 
Thermodynamics, by C. O. Bennett and 
J. M. Smith, Indust. Engng. Chem., vol. 47 
March 1955, part 2, pp. 664-670. q 
An Analogue Study of the Temperature 
Distribution in Cooled Gas Turbine Blades, 
by C. F. Kettleborough, Brit. J. Appl 
Phys., vol. 6, May 1955, pp. 174-176. 
Calculations of the Frictionless In- 
compressible Flow for a Given Cascade 
(Direct Problem), by H. Schlichting (ip 
German), V DI-Forschungsheft, no. 447 
1955, 47 pp. 
An Experimental Investigation of the 
Temperature Recovery Factor, by Leslcf; 
M. Mack, Cal. Inst. Tech. Jet Prop 
Lab. Rep. no. 20-80, Aug. 1954, 17 pp. 
Analysis of Errors Introduced by 
Several Methods of Weighting Non- 
Uniform Duct Flows, by DeMarquis D. 
Wyatt, NACA TN 3400, March 1955, 408 / 
pp. 
Conduction of Fluctuating Heat Flow in 


a Wall Consisting of Many Layers, by VP 


Vodicka, Appl. Scien. Res., Sect. A, vol. 5, 
no. 2-3, 1955, pp. 108-114. 

Heat Waves in Multilayer Cylindrical 
Bodies, by V. Vodicka, Appl. Scien. Res, 
Sect. A, vol. 5, no. 2-3, 1955, pp. 115-120. 


Combustion 


Differential Thermal Analysis of the 
Thermal Decomposition of Ammonia Ni- 
trate, by A. G. Keenen, J. Amer. Chem§! 
Soc., vol. 77, Mar. 1955, p. 1379. 

Experimental Investigation of Ignition 
in Mixtures of Hydrogen and Bromine, by 


V. Kokochaskvili, Gt. Brit. Roy. Airer§ 4. 


Estab., Lib. Transl. no. 462 (translatedff é 
from USSR Zh. Fizicheskoi Khimii, vol. 
23, Jan. 1949, pp. 15-20), May 1954, 8 pp. 

Equations for a Hydrogen-Bromine 
Flame: High Speed Computations. |, 
by Edwin 8. Campbell and Thomas F. 
Schatzki, Wisc. Univ. Nav. Res. Lab. Rep! 
no. CM-819, Sept. 17, 1954, 81 pp. 

Decomposition and Mechanistic Studie 
of Propellant and Propelland Additives, by 
Alan Chaney, M. L. Wolfrom, E. C. Hor 
will, and others, Ohio State Univ. Rei 
Found. Rep. no. 22, May 1-July 31, 194, 
19 pp. 

Battelle Memorial Institute Quatt) 
Rep. on Ignition and Combustion Re} 
search, Prog. Rep. no. 19, Mar. 1955. 

Effect of Ammonia Addition on Limit 
of Flame Propagation for Isooctane 
Mixtures at Reduced Pressures and Bie 
vated Temperatures, by Cleveland 0’ Nes! 
Jr., NACA TN 3446, Apr. 1955, 32 pp. 
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Flame Stabilization on Bluff Bodies at 
Low and Intermediate Reynolds Numbers, 
by Edward Edom Zukoski, Calif. Inst. 


t. Eckert, Tech. Guggenheim Aero. Lab. Rep. no. 20- 


n, Indust 
part 2 


Wilke 
7, March 


‘nnett and 
v., VOl. 47, 


m perature 
ne Blades, 
J. Appl. 
176. 

nless In- 
. Cascade 
‘hting (in 
no. 447, 


mn of the 
by Leslie 
Jet Prop. 
pp. 

uced by 
ng Non- 
irquis D. 


75, June 30, 1954, 50 pp. 

Carbon Formation in Hydrocarbon Di- 
fusion Flames, by N. Thorp, R. Long, and 
F. H. Garner, Fuel, vol. 34, Apr. 1955, 
Suppl., pp. 1-13. 

Some Experimental Studies of Laminar 
Burning Velocities, by H. R. Poorman 
and F. Scien Calif. Inst. Tech. Gug- 
genheim Aeron. Lab. Tech. Rep. no. 3, April 
1954, 13 pp. 

Ignition and Combustion Research, 
Battelle Memor. Inst., Nineteenth Quart. 
Prog. Rep., March 1955. 

The Interaction of Linear Polymers with 
Solvents and Swelling Agents, Cornell 
Univ. Prog. Rep. no. 34, Oct. 1954—March 
1955, 22 pp. 

The Thermal Decomposition of Am- 
monium Perchlorate, by L. L. Bercunshaw 
and B. H. Newman, Gt. Brit. Explosives 
Res. Dev. Establ. Rep. 8/EMR/50, March 
1951, 68 pp. 
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Effect of Pressure on the Physical 
Properties of Gases and on the Properties 
of Chemically Reacting Systems, by 
Barnett F. Dodge, Yale Univ. Prog. Rep., 
June 10, 1954, 8 pp. 

Long Range Research Leading to the 
Development of Superior Propellants, 
Mechanism of Burning, Bur. Mines, 
Explosives and Phys. Sci. Div. Prog. Rep. 
no, 54, Oct. 1-Dec. 31, 1954, 7 pp. 

Stability of Carbon Monoxide-Hydro- 
carbon-Air Flames, by Arthur Levy and 
Philip F. Kurz, J. Amer. Chem. Soc., vol. 
7, Mar. 20, 1955, pp. 1459-1461. 
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Reactivities of Aromatic Hydrocarbons 
Toward Methyl Radicals, by M. Levy and 
M. Szware, J. Amer. Chem. Soc., vol. 77, 
April 5, 1955, pp. 1949-1955. 

Behavior of Shielded Rich-limit Ethylene 
Flames, by P. F. Kurz, Fuel, vol. 34, Apr. 
1955, Suppl., pp. S54-58. 

Location of the ‘‘Schlieren Image’? in a 
Flame, by F. J. Weinberg, Fuel, vol. 34, 
Apr. 1955, Suppl. pp. S84-88. 

An Examination of the ‘‘Excess En- 
thalpy Hypothesis’? of Flame Behavior, 
tyD. B. Spalding, Fuel, vol. 34, Apr. 1955, 
Suppl., pp. S100-106. 

Combustion Within Heated Tubes, by 
D. H. Lee, D. G. Martin, and N. P. W. 
Moore, Fuel, vol. 34, Apr. 1955, Suppl. 
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phide in Air and in Oxygen, by L. Cohen, 
Ful, vol. 34, Apr. 1955, Suppl., pp. 
8119-122. 


Burning Velocities of Ammonia in Air 


and Oxygen, by L. Cohen, Fuel, vol. 34, 


2 PP. Apr. 1955, Suppl. pp. 8123-127. 


Theory of Turbulent Burning Velocity, 


ant a0 by Kurt Wohl, Indust. Engng. Chem., vol. 
ly of lit 47, Apr. 1955, pp. 825-827. 


Experiment with Butane-air and Meth- 


applic ane-air Flames, by Kurt Wohl and Leon 
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Shore, Indus. Engng. Chem.. vol. 47, Apr. 
1955, pp. 828-834. 


On the Structure of a Detonation Front, Coatings to Iron, by A. G. Eubanks and 
by W. R. Gilkerson and Norman David- D. G. Moore, NACA TN 3297, May 1955, 
son, J. Chem. Phys., vol. 23, Apr. 1955, 17 pp. 


pp. 687-692. Development of Ceramic Flameholders 
Acid Catalysis in the Thermal Decom- for Afterburners: and Ramjets, by L. 
position of Ammonium Nitrate, by Ber- Olsen, R. F. Walker, and S. F. Holley, 
nard J. Wood and Henry Wise, J. Chem. Nat. Bur. Stands. Prog. Rep. no. 9 (NBS 
Phys., vol. 23, Apr. 1955, pp. 693-696. Rep. no. 3718), Sept. 30, 1954, 3 pp. 
Influence of Vibration-Rotation Inter- Evaluation of Tests for Cermets as 
action on Line Intensities in Vibration- Components of Heat-Resistant Materials, 


rotation Bands of Diatomic Molecules, by M. J. Kerper, M. B. Stiefel, B. R. 
by Robert Herman and Richard Wallis, Czorny, and others, Nat. Bur. Stands. 
J. Chem. Phys., vol. 23, Apr. 1955, pp. (NBS Rep. no. 3704), Sept. 30, 1954, 14 pp. 
637-646. Chromizing of Titanium Carbide Cer- 
Rate Theory and Homogeneous Re- _ mets, by Richard L. Wachtell and Richard 
actions, by David Garvin. Jndust. Engng. P. Seelig (Chromalloy Corp., N. Y.), 
Chem., vol. 47, Mar. 1955, part 2, pp. 594- WADC Tech. Rep. no. 54-329, Sept. 1, 
599. 1953—Mar. 1, 1954, 5 pp. 
a Basic Research on Ceramic —— 
> a Chambers, by Alexander Weir, Jr., anc 
Fuels, Propellants, and “ Richard B. Morrison, Mich. Univ. Engng. 
Materials ss Res. Inst. Final Rep., Apr. 1, 1952—Aug. 
31, 1954, 16 pp. 
Determination of Brittle Point Tempera- 
ture by the Vibrating Reed Test, by 


The Properties of Oxidation Resisting 
Scales Formed on Molybdenum Base 


4 Harold Sigler, Picatinny Arsenal, Samuel 


. Feltman Ammunition Labs. Tech. Rep. 
W. Spretnak, Ohio State Univ. Res. 2 
Found. Tech. Rep. 467-3, Feb. 1955, 47 2150, Mar. 1955, 19 pp. 
pp. Evaluation of Sulphate Wood Pulp 
A Study of the Effects of Porosity Hole _—_‘Nitrocellulose in T2 Propellant, by Jacob 
Erosion in Cast-Steel Rocket Chamber M. Swotinsky and Jules S. Lapides, 


Parts, by A. Kitzmiller and J. Hodges, Picatinny Arsenal, Samuel Feltman Am- 
Hercules Powd. Co., Allegany Ballis. pega Labs. Tech. Rep. 2137, Feb. 
Lab. ABL/X-3, Jan. 1955, 9 pp. 1955, 34 pp. 

Preliminary Investigation of Properties Research in Nitropolymers and Their 


of High-Temperature Brazed Joints Proc- Application to Solid Smokeless Propel- 
essed in Vacuum or in Molten Salt, by C. lants, by K. W. Bills, P. J. Blatz, L. Carle- 
A. Gyorgak and A. C. Francisco, NACA ton, and others, Aerojet-General Corp. 
TN 3450, May 1955, 29 pp. Rep. no. 868, Sept. 17, 1954, 100 pp. 
Effect of Oxygen Content of Furnace The Handbook of Measurement and 
Atmosphere on Adherence of Vitreous Control, edited by M. F. Behar, /nstru- 
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_ ments and Automation, vol. 27, Dec. 1954 
(Part 2), 216 pp. 

‘Turbine Blade Temperature Telemeter, 
— —- Tech. News Bull. Nat. Bur. Stand., vol. 38, 
an Dec. 1954, pp. 180-183. 

Determination of Density Gradients 
Near Shock Waves from Shadowgraphs, 
by Raymond Sedney and Nathan Gerber, 
Aberdeen Proving Ground Ballistic Res. 
Labs. Rep. no. 920, Oct. 1954, 25 pp. 

Development of a Method for Measur- 
ing Gas Temperatures in the Combustion 
Chamber of an Internal Combustion 
Engine, by J. C. Livingood, T. P. Rona, 
and others, Mass. Inst. Tech. Sloan Labs. 
Final Rept., June 29, 1953-July 31, 1954, 
218 pp. 

: An Improved Method of Strain-gage 
Bridge Calibration, by Morris Halio, 


_ Aberdeen Proving Ground Ballistic Res. 
Labs. Memo Rep. no. 796, June 1954, 35 

--—s«dDigital Pressure Gage Project, by F. D. 
BA's Werner, Minnesota Univ. Inst. Technol. 
a 16th and 17th Status Rep., for months end- 
sing Aug. 16 and Sept. 16, 1954. 

ss Liquid Manometers with High Sensi- 

tivity and Small Time-lag, by F. A. 

Maemillan, Gt. Brit. ARC. Rep. no. 16,091; 

Fluid Motion Sub-Comm. Rep. no. FM 

1941; Wind Tunnel Design Comm. Rep. 

no. TP 404, Aug. 14, 1953, 7 pp. 

_ The Measurement of the Velocity of a 
Gas Flow with the Hot Wire Anemometer, 
by Ulrich Jacob, Gt. Brit. Roy. Airer. 

Estab. Library Transl. no. 476 (translated 
Archiv fiir Technisches Messen, Jan.- 
_ Feb. 1954), July 1954, 13 pp. 

Measurement of Temperatures in 

Flames of Complex Structure by Reso- 

nance Line Radiation. Part1. General 

Theory and Application to Sodium Line 

Reversal Methods, by H. M. Strong and 

F. P. Bundy, J. Appl. Phys., vol. 25, Dec. 

1954, pp. 1521-1526. 

Measurement of Temperatures in 
_ Flames of Complex Structure by Reso- 
nance Line Radiation. Part 2. Sodium 
Line Reversal by High-resolution Spec- 
troscopy, by H. M. Strong and F. P. 
; Bundy, J. Appl. Phys., vol. 25, Dec. 1954, 
1527-1530. 
Measurement of Temperatures in 
Flames of Complex Structure by Reso- 
mance Line Radiation. Part 3. From 

Absolute Intensity Measurements at 
‘High Resolution, by F. P. Bundy and 
H. M. Strong, J. Appl. Phys., vol. 25, 
Dec. 1954, pp. 1531-1537. 

A High Rate of Testing Machine for 
Measuring Mechanical Properties of 
Solid Propellants, by C. M. Minke, A. R. 
‘Shoff, and H. A. Winnerling, Hercules 
_ Powder Co. Allegany Ball. Lab. Rep. no. 
ABL/B-11, July 1954, 25 pp. 

Contribution to the Instantaneous 
Measurement of Temperatures of Lumi- 
nous Flames, by G. Monnot, L’/nst. 
francais du Petrole Rev. Ann. des Combus- 
tibles Liquides, vol. 9, Nov. 1954, pp. 587- 
607 


Testing Gas Turbine Fuel Systems; 
Component Test Rigs and Installations, 
Joseph Lucas, Ltd., England, Engineering, 
vol. 179, Jan. 21, 1955, pp. 86-87. 

Direct Use of Rotating Beam Ceilometer 
and Transmissometer in the Reporting of 
Ceiling and Visibility, by R. C. Wanta; 
and -A Flight Investigation of the Per- 
formance of Low Ceiling Visibility Meas- 
uring Equipment, by R. P. Snodgrass, 
IAS Preprint, Jan. 24-27, 1955, 15 pp. 

Ramjet Test Facilities, by K. C. Fitz- 
patrick, R. C. Williamson, and A. B. 
Gregg, General Elec. Co. Hermes Proj. 
R53A0510, June 1954, 34 pp. 

Rocket Experimentation, by Alfred 
Zaehringer, J. Space Flight, vol. 7, Jan. 
1955, pp. 6-8. 

Rocket Test House (Armstrong-Sid- 


deley Rocket Division), Flight and Aircr. 
Engineer, vol. 2400, Jan. 21, 1955, p. 86. 

Transient Gas-Flame Temperatures in a 
Spherical Bomb, by Y. M. Miao, T. W. 
Price, and J. H. Potter, Trans. ASME, 
vol. 77, Jan. 1955, pp. 89-96. 

Rocket Test House (Armstrong-Sid- 
deley Motors), Hawker Siddeley Rev., vol. 
7, Dec. 1954, pp. 87-99. 

A Drop Test for the Evaluation of the 
Impact Strength of Cermets, by B. Pinkel, 
G. C. Deutsch, and N. H. Katz, NACA 
Res. Mem. E54D13, Mar. 1955, 8 pp. 

Study of Effects of Microstructure and 
Anisotropy on Fatigue of 24S-T4 Alu- 
minum Alldy, by H. A. Lipsitt, G. E. Die- 
ter, G. T. Horne, and R. F. Mehl, NACA 
TN 3380, Mar. 1955, 41 pp. 

Thermodynamic Properties of Boron 
and Aluminum Compounds, Penn. State 
Univ. Dept. Chem. Prog. Rep. no. 3, Mar. 
1955, 68 pp. 

Taming Titanium, by Dave Adams, 
Aero. Engng. Rev., vol. 14, Mar. 1955, pp. 
59-63. 

Fuels of the Future, by L. K. Sillcox, /. 
Franklin Inst., vol. 259, Mar. 1955, pp. 
183-195. 

Storage and Handling of Red and White 
Fuming Nitric Acid, by Paul Henderson, 
Army Chem. Center, Chem. Radiological 
Labs. Formal Rep. no. CRLR 372, Aug. 
20, 1954, 64 pp. 

Hydrides and Borohydrides of Light 
Weight Elements and Related Com- 
pounds, by H. T. Schlesinger and Grant 
Urry, Univ. Chicago, Ann. Tech. Rep., 
Aug. 1, 1953-June 31, 1954, Aug. 1954, 24 
pp. 

Small-Scale Laboratory Evaluation 
Tests on Synthetic Lubricants, by F. J. 
Watson, Lubrication Engng., vol. 11, 
Mar.-Apr. 1955, pp. 86-90. 

How Much Rocket Thrust From Chemi- 
cal Propellants, by J. M. Carter, Aviation 
Age, vol. 23, Apr. 1955, pp. 34—40. 

What’s Being Done About Titanium’s 
Troubles, Steel, vol. 136, May 1955, pp. 
110-111. 


Effect of the Composition of Gas Tur- 
bine Alloys on Resistance to Scaling and 
to Vanadium Pentoxide Attack, by G. T. 
Harris, H. C. Child, and J. A. Kerr, J. 
Iron Steel Inst., vol. 179, Mar. 1955, pp. 
241-248. 

An American Titanium Carbide Alloy 
for Gas Turbines, Oi] Engine & Gas Tur- 
bine, vol. 22, Mar. 1955, pp. 437-438. 

Turbine Plane Economy Hinges on Out- 
come of Fuel Controversy, by Gordon Con- 
ley, Aviation Week, vol. 62, Apr. 1955, p. 
21. 

Volumetric and Phase Behavior in the 
Nitric Acid Water System, by C. H. Duffy, 
W. H. Corcoran, and B. H. Sage, Calif. 
Inst. Tech. Guggenheim Aero. Lab. Prog. 
Rep. no. 20-235, July 22, 1954. 

Heat Processing Combustible Material, 
by P. C. Mann, Mech. Engng., vol. 77, 
Mar. 1955, pp. 219-222. 

Survey of Commercial Aviation Gasoline 
Characteristics, U. S. Bur Mines, Rep. 
Investigations no. 5132, Apr. 1955. 


Instrumentation and 
Experimental Techniques 


Optical Methods for High Speed Photog- 
raphy, by Gordon G. Milne, Univ. Roches- 
ter Inst. Optics, Quart. Status Rep. no. 8, 
June 15, 1954, 3 pp. 

A Dye-Tracer Technique for Experi- 
mentally Obtaining Impingement Charac- 
teristics of Arbitrary Bodies and a Method 


for Determining Droplet Size Distribyt; 


by Uwe H. von Glahn, Thomas F. Geldof J 
and W. H. Smyers, Jr., NACA Dog 
Mar. 1955, 73 pp. 

Contribution to the Instantaneoyf Dot 
Measurement of the Temperatures af vol. 
Clear Flames (in French), by G. Monn A 


Rev. Inst. Francais Petrole, vol. 9, Noy of C 
1954, p. 587. ft 

Proposed Altitude Test Program 
AJ-5.0 Pulse-Jet Engines in WADC Sia! 
Facility, by R. M. Lockwood, Amer, 
copt. Div., Fairchild Eng. Airpl. ‘orn OA 
Rep. no. 1949-A-1, June 22, 1954, 5 pp. & vest 

The Lock-Seal—a New Joint for Rocke Me# 
Motors, by S. R. Crockett and F, 4 § D1 
Manchester, Nav. Ord. Test Sta. Tech DU8 
Memo no. 1968, Oct. 1, 1954, 26 pp. Aer 

Development of a Hydrogen Peroride§ 
Pump, by R. Kroekel and W. F. Lubagh, 
Nav. Ord. Test Sta. NOT'S 830; N AVORI > 
Rep. 2093, Mar. 8, 1954, 33 pp. a 

Ramjet Test Facilities, by K. C. Fitz" 
patrick, R. C. Williamson, and A. Bg 4 
Gregg, Gen. Elec. Co. Guided Missiles 
Dept. Rep. no. R53-0510, June 1954, 33 pp. . 

Ultrasonic Tester for JATO Propellant, Os 


by Henry E. Babb, Electrocircuits, Inc, 
Rep. 19, June 20-Sept. 20, 1954, 13 pp. a 


Phototube Instrumentation for Detect- Ind 
ing Flash-Time Intervals of Rocket Heads,§ 
by H. M. Hansing, Nav. Ord. 
Tech. Note 1543, Sept. 8, 1954, 16 pp. 

Evaluation of a Differential Expansion 
Temperature Sensing Device Based on 4(3- 
Critical Flow Through a Variable Orifice, 
by Paul D. Freeze and Ernest F’. Fiock, 
Wright Air Develop. Center, WADC TRE 
54-567, June 1954. Ind 

A Diaphragm Type Pressure Gage, by 
Thos. M. Roach, Jr., Army Ord. Corps 
Memo Rep. 46, July 1954. 

What’s Available for High-Pressure 
Measurement and Control, by W. W. 
Howe, Control Engng., vol. 2, Apr. 195i, 
pp. 53-59. 

How Temperature Affects Instrument 
Accuracy, Part 1, by Robert Gitlin, Con- 
trol Engng., vol. 2, Apr. 1955, pp. 70-78. 

Miniature Bomb Calorimeter for the 
Determination of Heats of Combustion of 
Samples of the Order of 50 MG Mass, by 
W. S. McEwan and Carl M. Anderson, 
Rev. Sci. Instrum., vol. 26, Mar. 1945, pp. 
280-284. 

The Hot Wire Anemometer in Super- 
sonic Flow, Nat. Bur. Stands. Tech. News 
Bull., vol. 39, Mar. 1955, pp. 38-40. 

Metal Film Resistance Thermometers 
for Measuring Surface Temperatures, by 
C. C. Winding, L. Topper, and B. V. 
Baus, Indust. Engng. Chem., vol. 47, Mar. 
1955, Part 1, pp. 386-392. 

Test Cell Augmenter Design, by Rich- 
ard D. Lemmerman and Harold J. Lock- 
wood, Aero. Engng. Rev., vol. 14, Mat. 
1955, pp. 37-43. 

Double Wire Method of Resistance 
Thermometry in Gaseous Explosions, b) 
C. Rounthwaite, Fuel, vol. 34, Apr. 1999, 
Suppl., pp. 59-70. 

Indicator Pinpoints Engine Tempefé 
ture, by Philip J. Klass, Aviation Week, 
vol. 62, May 1955, pp. 33-34. 

A Self-Excited, Alternating-Current, 
Constant-Temperature Hot-Wire Ane 
mometer, by Charles E. Shepard, VACA 
TN 3406, Apr. 1955, 29 pp. 

Development of Vibrating Reed Tech 
niques for Measuring Properties of Poly- 
y Stephen Strella, Picatinny 

Samuel Feltman Ammunitwn 
Labs. Tech. Rep. 2143, Mar. 1955, 35 pp- 


Data Reduction System for Missile 
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Telemetering by E. M. 
Blectronics, vol. 28, May 1955, pp. 126- 130. 


Measurement of Detonation Velocity by 


er Effect at Three-Centimeter 
Wavelength, by Melvin A. Cook, Ray L. 
Doran, and Len J. Morris, J. Appl. Phys. 
yol. 26, Apr. 1955, pp. 426-428. 
An Analytical and Experimental Study 
of Certain Aspects of the Ramjet Addition 


ram fe 
DC Teg 
er. Heli. 
Corp, 
5 pp. 
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of the Arnold Engineering Development 
Center, by Henry H. Hicks, Jr., Albert W. 

Sohrer, and Robert L. Fitts, Michigan 
(niv. Willow Run Res, Cent., 1954, 75 pp. 
A Theoretical and Experimental In- 
vestigation of a Deceleration Probe for 
Measurement of Several Properties of a 
Droplet Laden Air Stream, by Jules L. 


Dussourd, M.I.T. Gas Turbine Lab. 
jerothermopressor Proj., Oct. 1954, 105 
pp. 


Vibrational Relaxation Times by the 
Impact Tube Method, by C. S. Tuesday 
ad M. Boudart, Princeton Univ. Chem. 
Kinetics Proj. TN no. 7, Jan. 1955, 55 pp. 
An Instrument for the Rapid and Con- 
tinuous Determination of Low Concen- 
tations of Water Vapor in Gases, by 
(larke C. Minter, Naval Res. Lab. Rep. 
437, Oct. 21, 1954, 14 pp. 

Design Analysis of Linear Hydraulic 
Analog, by R. H. Hass and P. J. Sauer, 
Indust. Engng. Chem., vol. 47, Mar. 1955, 
pp. 398-403. 

Applications of Pneumatic Analog, by 
£.F. Johnson and Theodosios Bay, Indust. 


Engng. Chem., vol. 47, Mar. 1955, pp. 
43-408. 
Signal Flow Diagrams for Process 


Evaluation, by Donald P. Campbell, 
Indust. Engng. Chem., vol. 47, Mar. 1955, 
pp. 409-413. 


Analysis of Unsteady Fluid Flow Using 
Direct Electrical Analogs, by S. E. 
Isakoff, Indust. Engng. Chem., vol. 47, 
Mar. 1955, pp. 413-421. 


Terrestrial Flight, Vehicle 
Design, etc. 


Some Numerical Computations in Ord- 
nance Problems, by Albert A. Bennett, 
Communic. Pure Appl. Math., vol. 8, Feb. 
1955, pp. 117-122. 

How a Weapon System Operates in 
Field, by David A. Anderton, Aviation 
Week, vol. 62, Apr. 1955, pp. 30-32 

The Story of Zero-Length Launching, 
by C. J. Libby, Aviation Age, vol. 23, 
Mar. 1955, pp. 132-135. 

Operational Missiles Now Arming 
USAF, by Robert Hotz, Aviation Week, 
vol. 62, Mar. 1955, pp. 14-17. 


Space Flight, 
Astrophysics, Aerophysics, 
etc. 


The Purification of Air During Space 
Travel, by J. B. S. Haldane, J. Brit. In- 
terplan. Soc., vol. 14, Mar.-Apr. 1955, pp. 
87-? 

Powered Orbits in Space, by G. F. 
Forbes, J. Brit. Interplan. Soc., vol. 14, 
Mar.-Apr. 1955, p. 85. 

Clear-Air Turbulence Near the Jet- 
Stream Maxima, by LeRoy H. Clem, Bull. 
Amer. Meteorol. Soc., vol. 36, Feb. 1955, 
pp. 53-60. 

Spaceship Instrument Study Needed 


this 


NOZZLE 


and 


LINER 


assembly 


will last the full burning time 


Electrostatic Powerplant, 
Philip J. Klass, Aviation Week, vol. 62, 
Apr. 1955, p. 76. 


Large Thermal Reactors, by 
Houston, 
p. 70. 


bine Cycle Study, by E. 


A. O. White, 
GL186, Sept. 29, 1953. 


by W. Primak and L. 
onics, vol. 13, Mar. 1955, pp. 38-41. 


Benedict, 


CARBORUND 


Registered Trade Mark 
= 


Now, by Geo. W. Hoover, Aviation Week, 
vol. 62, May 1955, pp. 30, 32, 34. 


Solar Energy Could Drive Spaceship’s 
IRE Hears, by 


Atomic Energy 


An Improved D-C Amplifier for Reactor 


Control, by E. J. Wade and R. S. Stone, 
Nucleonics, vol. 13, Apr. 1955, pp. 28-30. 


Utilization for 
R. W. 


Nucleonics, vol. 13, Apr. 1955, 


Calculating Thermal 


Submarine Advanced Reactor Gas Tur- 
A. Sheehan and 
Gen. Elec. Co. Rep. R53- 


The Variation of Power in a Fast Reac- 


tor for a Linear Increase of Reactivity, 
by J. J. Syrett, Gr. 
Res. Establ. AERE RP/M 47, Aug. 1954, 
6 pp. 


Brit. Atomic Energy 


Nuclear Power Reactors, by Stuart 


McLain, Elect. Engng., vol. 74, Feb. 1955, 
pp. 44-49, 144-148. 


Nuclear Reactor Control, by J. M. Har- 


rer, Elect. Engng., vol. 74, Mar. 1955, pp. 
227-230. 


Nitrogen Fixation in a Nuclear Reactor, 
H. Funhs, Nucle- 


Role of Liquid Metals in Nuclear Power 


Development, by J. W. Taylor, Research, 
vol. 8, Mar. 1955, pp. 102-105. 


Nuclear Reactors for Research, by M. 
Chem. Engng. Prog., vol. 51, 


Feb. 1955, pp. 53-66. 


In uncooled rocket motors, 4 q 
NIAFRAX® silicon-nitride- 
bonded silicon carbide 
refractories stand up to extreme 
temperatures, heat shock and 
erosion for the full burning 
time. In fact, NIAFRAX nozzles 
and liners will often last 
through several firings. 
NIAFRAX parts are available 
in intricate shapes: they can be 
produced with close tolerances. 
For details, write Dept. T85, 
Refractories Division, 
The Carborundum Company, 
Perth Amboy, New Jersey. 
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Up... to 5432°F 
CARBON 


gets stronger 


The tensile strength of carbon (in 
the form of graphite) actually 
doubles as the temperature is in- 
creased from 70° to 5432° F. That’s 
one reason for the growing interest in 
carbon as a structural material for 
high-temperature service in rockets. 


Here are some others: 


*Carbon and graphite are excellent 
refractory materials of long standing. 
*Graphite does not melt. It has a 
low vapor pressure but sublimes at 
approximately 6300° F. 

*Carbon and graphite parts can be 
readily molded and machined. 


Speer is pioneering applications of 
carbon where short-time strength is 


required at elevated temperatures. 
Perhaps we can share our know-how 
with you. 


St. Marys, Pa. 


AMERICAN ROCKET 
SOCIETY PREPRINTS 


500 FIFTH AVENUE 


PLEASE SEND THE PREPRINTS 


Price per Copy: 25¢ to members—50¢ to 


enclosed 


—168-54 


—179-54 


—172-54 


—173-54 


—154-54 


—204-55 


—205-55 


—206-55 


—207-55 


5 Stabilization of Low Frequenc) 


New York 36, N. Y. 


CHECKED BELOW: 


non-members 


Rocket Simplification — with 
Multi-Function Components, 
B. Ellis, Reaction Motors, Ine, 


A Program for Vibration Con- 
trol, B. Levine, G. Christopher, 
General Electric Co. 


Supersonic Research Sleds and 
Track Facilities, F. W. Thiele 
North American Aviation, Ine, 


Performance Analysis of Short- 
Range High Velocity Ballistic 
Rockets, W. O. Bergreen, L. M. 
Miller, North American Avis 
tion, Inc. 


The Pogo Radar Target, Gilbert 
Moore, Physical Science Lab, 
State College, N. M. 


Measurement of Rocket Thrust 
and Internal Pressure During 
Static Testing with High Fre 
quency Response Instruments- 
tion, Jack Buchanan, Thiokol 
Chemical Corp. 


Combustion Time-Lag Meas 
urements in a Liquid B: 
propellant Rocket Motor, Jerr 
Grey, Luigi Crocco, and George 
Mathews, Princeton University 


Vibration and Stress Analysis 
of Turbine Blades, C. E. Dan- 
forth, Aviation Gas Turbine 
Div., General Electric Co. 


Hydrogen and Its Safe Lique 
faction, Alexis Pastuhov and 
C. Lincoln Jewett, Arthur D. 
Little, Inc. 


Oscijlations of Liquid Rockets 
and Fuel Line Stabilizers, Ya 
Tzu Li, Massachusetts Institute 
of Technology 
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CAN YOU USE 

THIS COMBINATION OF 
UNUSUAL PROPERTIES? 
e Melting Point 4730 F 

e  100-hr rupture strength 

53,000 psi (1800F) 

(0.5% Ti alloy) The excellent combination of a | 
Modulus of elasticity found in arc-cast 

46,000,000 psi (70 Fi, molybdenum opens a whole new 
39,900,000 psi (1600 Fi 
als area of possibilities. Now you can 
e Mean coefficient of linear thermal expansion design high-temperature parts 

2.67 x 10°* (32/200 F) 

3.81 x 10-* (32/3200 F) and equipment with higher efficiency 
—_—e and better performance than is 
BTU/ft? /ft/hr/°F (70 F) possible with other materials. Find 

.5 BTU /ft? 1 
out first hand — we'll be glad to help. 
e Specific heat 

0.06 BTU /Ib/°F (77 F) 7 
0.07 BTU/Ib/°F (930 F) 
e Electrical conductivity 

34% IACS (32F) 


INVESTIGATE 
NEW DESIGN 
POSSIBILITIES 
UPENED DT 


ore-east MOLYBDENUM This informative, documented book 


describes in detail everything you 


need to know to put arc-cast molyb- 


denum and its alloys to work. 


Write for your copy on your com- 
pany letterhead, address: Dept. 54, 
Climax Molybdenum Company, 
500 5th Avenue, N. Y. 36, N. Y. 


MS5-14 
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ENGINEER 


MECHANICAL 


DESIGN ROTATING PARTS 
FOR JET ENGINES 


An exceptional opportunity to join 
the staff of one of America’s major 
manufacturers of jet engines. 
Work involves the responsibility 
for mechanical design of rotating 
-parts (compressor discs, blades, 
etc.) on prototype jet engines. 


Engineer will make initial design, 
run stress calculations on IBM 
computers, to re-design to stay 
within yield point of material. 
He will also calculate the “G” 
and gyro loading stresses caused 
by combat maneuvers, as well as 
stresses caused by thermal gra- 
dients. 


Work is under ideal 
conditions in plant 
near Cincinnati, Ohio, 
an unusually pleasant 
area for family living. 


Send complete resume in confidence 
to Box C, American Rocket Society, 
500 Fifth Ave., N. Y. 36, N.Y. 
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14 Guggenheim Fellows 


a (THREE ARS student members are mong 

the fourteen recipients of fellowships from 
the Daniel and Florence Guggenheim 
Foundation for 1955-1956 study. 


Five of the Fellows will study at the 


Guggenheim Institute of Air Flight Struc- 
tures at Columbia. They are Euval S. 
Barrekette, Brooklyn, N.Y.; Stephen J. 
Citron, Yonkers, N. Y.; Michael I. Jary- 
mowycz, Bronx, N. Y.; B. Walter Rosen, 
Bronx; and Gordon P. Smith, Lothian, Md. 

Fellows studying at the Guggenheim 
Jet Propulsion Center at Caltech include 
William B. Bush, New Rochelle, N. Y.; 
Meredith C. Gourdine, Brooklyn; Robert 


N. J. Katz and Williams are ARS members. 

Working at Princeton’s Guggenheim Jet 
Propulsion Center will be Richard Levy, 
Princeton, N. J.; Gerald N. Rosen, Teaneck, 
ON, J.; Daniel Rosner, Bronx, N. Y.; and 
Donald R. Willis, Warwickshire, England. 
is amember of ARS. 
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<== BOOSTER flight 
sontrols and ACTUATORS 


new low cost 7 | 


Today’s airplane is no longer controlled in flight by manpower alone. 
Hydraulic power is now widely employed to provide control surface 
power made necessary by larger surfaces and higher speeds. 


This substitution of manpower with hydraulic power has made 
the production of high precision hydraulic components vital. Loud 
is now producing this equipment with diametral tolerances of .000025 
inches and controlled clearances of .00005 inches on a quantity pro- 
duction and quality controlled basis. Linear tolerances in valving of 
.00005 inches insure controls of instantaneous and identical response. 


Loud’s complete facilities from raw material to finished product, 
a machine for every job, plus years of experience has made it pos- 
sible to produce these precision assemblies for the aircraft industry 
at mass production prices. 


‘PRODUCING TODAY... TOMORROW'S AIRCRAFT REQUIREMENTS"’ 


tngineering and design 
dwelopment b 


y 
Haske! Engineering Associates 
California 


\ational Sales and Service by 


Steed Alera Service Corp H. W. LOUD MACHINE WORKS, INC. 


e 
Nesident Sales Engineers located in 
le, Wash. 


tte, 969 EAST SECOND STREET, DEPT.12 » POMONA, CALIFORNIA 
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Look 10 Admiral ror 
RESEARCH 
DEVELOPMENT 
PRODUCTION 


in the fields of 


(identification, friend or foe) a 


the Electronic Sentinel 
THAT MUST NOT FAIL 


A “blip” on the radar screen ... and IFF goes into action. 
IFF sends out interrogating signals which automatically trigger 
an identifying reply signal. That is why IFF dare not fail. 


COMMUNICATIONS, UHF 
VHF airborne and ground 


MILITARY TELEVISION, recei 
and transmitting, airbo 


and ground. 
RADAR, airborne, ship and 


ground. 


RADIAC 
MISSILE GUIDANCE 
TELEMETERING 

CODERS and DECODERS 
DISTANCE MEASURING 
TEST EQUIPMENT 


Admiral has been entrusted with the production of IFF 
equipment now in use on a major portion of all our military 
aircraft and anti-aircraft defense installations. Admiral 
production techniques assure unfailing reliability for the 
equipment, and Admiral advance research is helping to make 
IFF secure against enemy jamming. 


: an Admiral offers exceptional facilities for research, development 


= mpi and production of electronic or electro-mechanical equipment. 


Address inquiries to: 


Admiral CORPORATION 


Government Laboratories Division - Chicago 47, Illinois Send for Brochure 


... complete digest 
of Admiral's experience 


and facilitie 


Jet Proeu 


ENGINEERS! The wide scope of work in progress at Admiral creates 
challenging opportunities in the field of your choice. Write to Director 
of Engineering and Research, Admiral Corporation, Chicago 47, Illinois. 
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